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58. Some other explanation of the phenomena must, therefore, 
be sought for ; and the illustrious observer soon arrived at the 
conclusion, that these apparent changes of position were due to 
real motions in the stars themselves ; that these stars, in fact, 
moved in proper orbits in the same manner as the planets moved 
around the sun. The slowness of the succession of changes which 

* See note, p. 193, vol. vii. 
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were obi^md^' rendered it necessary to watch their progress for a 
long period of tUne before their motions could be certainly or 
accnrately known; and accordingly, although these researches 
were commenced in 1778, it was not until the year 1803 that the 
observer had collected data sufficient to justify any positiye con- 
<dusion respecting their orbital motions. In that and the following 
year, Sir William Hersohel announced to the Koyal Society, in 
two memorable papers read before that body, that there exist 
sidereal systems consisting of two stars revolving about ea(^h other 
in regular orbits, and constituting what he called binary stars, to 
distinguish them from double stars, generally so called, in which 
no such periodic change of position is discoverable. Both the 
individuals of a binary star are at the same distance from the eye 
in the same sense in which the planet Uranus and its attendant 
satellites are said to be at the same distance. 

More recent observation has fully confirmed these remarkable 
discoveries. In 1841, Midler published a catalogue of upwards 
of 100 stars of this class, and every year augments their number. 
These stars require the best telescopes for their observation, being 
generally so close as to render the use of very high magnifying 
powers indispensable. 

59. The moment the revolution of one star rotmd another was 
ascertained, the idea of the possible extension of the great prin- 
ciple of gravitation to these remote regions of the universe 
naturally suggested itself. Newton has proved in his Principia, 
that if a body revolve in an ellipse by on attractive force directed 
to the focus, that force will vary according to the law which 
characterises gravitation. Thus an elliptical orbit became a test of 
the presence and sway of the law of gravitation. If, then, it could 
be ascertained that the orbits of the double stars were ellipses, we 
should at once arrive at the fact that the law of which the dis- 
covery conferred such celebrity on the name of Newton, is not 
confined to the solar system, but prevails throughout the universe. 

60. The first distinct system of calculation by which the true 
elliptio elements of the orbit of a binary star were ascertained, 
was supplied in 1830, by M. Savory, who showed that the motion 
of one of the most remarkable of these stars (| Urscs majoris)^ 
indicated an eUiptio orbit described in 58^ years. Professor 
Enck6, by another process, arrived at the fact that the star 60 
Ophiuchi moved in an ellipse with a period of 74 years. Several 
o^er orbits were ascertained and computed by Sir John Herschel, 
MM. Madler, Hind, Smyth, and others. 

61. The following Table is given by Sir J. Herschel, as con- 
taining the principal results of observation in this port of stellar 
astronomy up to 1850. 
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The element* Nob. 1, 2, 8, 4 c, 5, 6 c, 7, 11 h, 12 are extrac^ 
from M. Madler^s synoptic view of the hii^ry of double stars, in vol. ir. 
of the Dorpat Observations : 4 a, from the ConnoisB. des Temps, 1830 : 
4 b, 6 b, and 11a, from vol. v. Trans. Astron. Soc. Lond. : 6 a, from 
Berlin Ephemeris, 1832 : No. 8. from Trans. Astron. Soc. vol. vi. ; 
No. 9, '11 e,' 12 b, and 13 from Notices of the Astronomical Society, 
vol. viL p. 22., and viii. p. 159., and No. 10 from Sir John HerscheFs 
** Besnlis of Astronomical Observations, Ac., at the Cape of Good Hope,'' 
p. 297. The 2 prefixed to Nm 7 denotes the numW of the star in 
K. Struve's Dorpat Catalogue (Catalogus Novus Stellanim Duplicium, Ac., 
Dorpat. 1827), which contains the places for 1826 of 3112 of these 
objects. 

The ^^positicn of the node*' in col. 4, expresses the angle of position of 
the line of intersection of the plane of the orbit, with the plane of the 
heavens on which it is seen projected. The ** inclination*’ in col. 6, is 
the inclination of these two planes to one another. Col. 5, shows the angle 
actually induded ta the pla/ne of the orbits between the line of nodes 
(defined as above) and the line of apsides. The elements assigned in this 
table to w Leonis, { Bootis, and Castor must be considered as very doubtful, 
and the nune may perhaps be said of those ascribed to /i 2 Bootis, which 
rest on too small an arc of the orbit, and that too imperfectly obsei^ed, to 
afford a secure basis of calculation. 

62. The most remarkable of these, according to Sir John 
Hersbhel, is y Virginia ; not only on account of the length of its 
period, but by reason also of the great diminution of apparent 
distance and rapid increase of angular motion about each other, of 
the individuals composing it. It is a bright star of the fourth 
magnitude, and its component stars are almost exactly equal. 
It hi^'been known to consist of two stars since the beginning of 
the eighteenth century, their distance being then between six and 
aeveu seconds ; so that any tolerably good telescope would resolve 
it. Since that time they have been constantly approaching, and 
ore at present hardly more than a single second asunder ; so that 
no telescope that is not of very superior quality, is competent to 
show them otherwise than as a single star somewhat lengthened in 
one direction. It fortunately happens that Bradley, in 1718, 
noticed and recorded, in the mai^in of one of his observation- 
books, the apparent direction of their line of junction as being 
parallel to that of two remarkable stars a and 8 of the some con- 
stellation, as seen by the naked eye. They are entered also as 
distinct stars in Mayer’s catalogue ; and this affords also another 
means of recovering their relative situation at the date of his 
observations, which were made about the year 1756. Without 
particularising individual measurements, which will be found in 
their proper repositories, it will suffice to remark, that their whole 
series is represented by an ellipse. 

63. To understand the carious effects which must attend the 
Cifff of a lesser sun with its attendant planets revolving round a 
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greater, let the larger sun with its planets be represented at s, 
fig. 7, in the foeus of an ellipse, in which the lesser sun accompanied 
by its planets moves. At a Fig. 7. 

this latter sun is in its peri- 
helion, and nearest to the 
greater sun s. Moving in 
its periodical course to B, it 
is at its mean distance from 
the sun s. At b it is at 
aphelion, or its most distant 
point, and finally returns 
through G to its perihelion 
A. The sun s, because of 
its vast distance from the 
system A, would appear to the 
inhabitants of the planets of 
the system A much smaller 
than their proper sun ; but, 
on the other hand, this effect 
of distance would be to a 
certain extent compensated 
by its greatly superior mag- 
nitude ; for analogy justifies 
the inference that the sun s 
is greater than the sun A in 
a proportion equal to that of 
the magnitude of our sun 
to one of the planets. The 
inhabitants of the planets of 
the system a will then behold 

the spectacle of two suns in their firmament. The annual motion 
of one of these suns will be determined by the motion of the 
planet itself in its orbit, but that of the other and more distant 
sun will be determined by the period of the lesser sun around the 
greater in the orbit A B B c. The rotation of the planets on their 
axes will produce two days of equal length, but not commencing 
or ending simultaneously. There will be in general two sunrises 
and two sunsets ! When a planet is situate in the part of its 
orbit between the two suns, there will be no night. The two suns 
will then be placed exactly as our sun and moon are placed when 
the moon is f^. When the one sun sets, the other will rise ; and 
when the one rises the other will set. There will be, therefore, 
oontinual day. On the other hand, when a planet is at such a 
part of its orbit that both suns lie in nearly the same direction as 
seen firoih it, both suns will rise and both will set together. There 
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will tlien be the ordinary alternation of day and night as on the 
earth, but the day will have more than the usual splendour, being 
enlightened by two suns. 

In all intermediate seasons the two suns will rise and set at 
different times. During a part of the day both will be seen at 
once in the heavens, occupying different places, and reaching the 
meridian at different times. There will be tvoo noons. In the 
morning for some time, more or less, according to the season of 
the year, one sun only will be apparent, and in like manner, in 
the evening, the sun which first rose will be the first to set, leaving 
the dominion of the heavens to its splendid companion. 

The diurnal and annual phenomena incidental to the planets 
attmiding the central sun s will not be materially different, except 
that to them the two suns will have extremely different magni- 
tudes, and will afford proportionally different degrees of light. 
The lesser sun will appear much smaller, both on account of its 
really inferior magnitude and its vastly greater distance. The 
two days, therefore, when they occur, will be of very different 
splendour, one being probably as much brighter than the other as 
the light of noonday is to that of full moo^ght, or to that of the 
morning or evening twilight. 

But these singular vicissitudes of light will become still more 
striking, when the two suns diffuse light of different colours. 
Let us examine the very common case of the combination of a 
crimson with a blue sim. In general, they will rise at different 
times. When the blue rises, it will for a time preside alone in 
the heavens, diffusing a blue morning. Its crimson companion, 
however, soon appearing, the lights of both being blended, a 
white day will follow. As evening approaches, and the two orbs 
descend toward the western horizon, the blue sun will first set, 
leaving the crimson one alone in the heavens. Thus a ruddy 
evening closes this curious succession of varying lights. As the 
year rolls on, these changes will be varied in every conceivable 
manner. At those seasons when the suns are on opposite sides of 
a planet, crimson and blue days will alternate, without any inter- 
vening night; and at the intermediate epochs all the various 
intervals of rising and setting of the two suns will be exhibited. 

PnOFEB MOTION OF THE STABS. 

In common parlance the stars are said to be fixed. They have 
received this epithet to distinguish them from the planets, the sun, 
and the moon, all of which constantly undergo changes of appa- 
rent position on the surface of the heavens. The stars, on the 
contrary, so far as the powers of the eye unaided by art can 
discover, never change their relative position in the firmament, 
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which seems to be carried round us by the diurnal motion of the 
sphere, just as if the stars were attached to it, and merely shared 
in its apparent motion. 

But the stars, though subject to no motion peroeptible to the 
naked eye, are not absolutely fixed. When the place of a star on 
the heavens is exactly observed by means of good astronomical 
instruments, it is found to be subject to a change fixim month to 
month and from year to year, small indeed, but still easily observed 
and certainly ascertain^. 

64. It has been demonstrated by Laplace, that a system of 
bodies, such as the solar system, placed in space and submitted 
to no other continued force except the reciprocal attractions 
of the bodies which compose it, must cither have its common centre 
of gravity stationary or in a state of uniform rectilinear motion. 

The chances against the conditions which would render the sun 
stationary, compared with those which would give it a motion 
in some direction with some velocity, are so numerous that we 
may pronounce it to be morally certain that our system is in 
motion in some determinate direction through the universe. Now, 
if we suppose the sun attended by the planets to be thus moved 
through space in any direction, an observer placed on the earth 
would sec the effects of such a motion, as a spectator in a steam- 
boat moving on a river would perceive his progressive motion on 
the stream by an apparent motion of the banks in a contrary 
direction. The observer on the earth would, therefore, detect such 
a motion of the solar system through space by the apparent motion 
in the contraiy’ direction with which the stars would be affected. 

65. Such a motion of the solar system would affect different 
stars differently. All would, it is true, appear to be affected by 
a contrary motion, but all would not be equally affected. The 
nearest would appear to have the most perceptible motion, the 
more remote would be affected in a less degree, and some might, 
from their extreme distance, be so slightly affected as not to 
exhibit any apparent change of place, even when examined with 
the most delicate instruments. To whatever degree each star 
might be affected, all the changes of position would, however, 
apparently take place in the same direction. 

The apparent effects would also be exhibited in another manner. 
The stars in that region of the universe toward which the motion 
of the system is directed, would appear to recede from each other. 
The spaces which separate them would seem to be gradually 
augmented, while, on the contrary, the stars in the opposite 
quarter would seem to be crowded more closely together, the 
distances between star and star being gradually diminished. 
This will be more clearly comprehended by fig, 8. 
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Let the 8 s' represent the direction of the motion of the 
sjsteUt and let s and s' represent its positions at any two epochs. 
At 8> the stars abc would be separated by intervals measured 

Fiar. S. 


by the angles a s b, and b s c, while at s' they would appear 
separated by the lesser angles A s' b, and b s' c. Seen from s', 
the stars abc would seem to be closer together than they were 
when seen from s. For like reasons, the stars a h c, towards 
which the system is here supposed to move, would seem to be 
closer together when seen from s, than when seen from s'. Thus, 
in the quarter of the heavens towards which the system is moving, 
the stars might be expected to separate graduGdly, while in the 
opposite quarter they woxdd become more condensed. In all the 
intermediate ports of the heavens they would be affected by a 
motion contrary to that of the solar system. Such, in general, 
would bo the effects of a progressive motion of our system. 

66. Although no general effect of this kind has been manifested 
in any conspicuous manner among the ffxed stars, many of these 
objects have been found, in long periods of time, to have shifted 
their position in a very sensible degree. Thus, for example, the 
three stars, Sirius, Aroturus, and Aldebaron, have undergone, 
since the time of Hipparchus (130 b.c), a change of position 
southwards, amounting to considerably more than half a degree. 
The double star 61 Cygni has, in half a century, moved through 
nearly 4*3', the two stars composing it being carried along in 
parallel lines with a common velocity. The stars c Indi and /jl 
Cassiopeim move at the rate of 7*74" and 3*74" annually. 

Various attempts have been made to render these and other 
like changes of apparent position of the ffxed stars compatible 
with some assum^ motion of the sun. Sir W. Hersohel, in 
1783, reasoning upon the proper motions which had then been 
observed, arrived at the conclusion, that such appearances might 
be explained by supposing that the sun has a motion directed to a 
point near the star A Heroulis. About the some time, Prevost 
came to a like conclusion, assigning, however, the direction of the 
supposed motion to a point differing by 27*' from that indicated by 
Sir W. Hersohel. 

Since that epoch, the proper motions of the stars have been 
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more extensiTely and accurately observed, and calculations of the- 
motions of the sun which they indicate, have been mode by 
several astronomers. Tho following points have been assigned as 
the direction of tho solar motion in 1790 


R. A. 
260® 34' 

H. p. n. 
63® 43' 

Sir W. Herschel. 

* 5 ' 

5*® 

Argelander. 

255'^ 10' 

51® 26' 

>» 

261® II' 

59° 

>» 

252“ S3' 

75° 34' 

Lnhndahl. 

261“ 22' 

62“ 24' 

Otto Struve. 


The first estimate of Argelonder was made from the proper motions 
of 21 stars, each of which has an annual motion greater than 1" ; 
the second from 50 stars having annual proper motions between 1" 
and 0*5", and the third from those of 319 stars having motions 
between 0*5" and 0*1". GTie estimate of M. Luhndahl is based on 
the motions of 147 stars, and that of M. Struve on 392 stars. 

The mean of all these estimates ♦ is a point whose right ascen- 
sion is 259® 9', and north polar distance 55“ 23', which it will be 
seen differs very little from the point originally assigned by Sir 
W. Herschel. 

All the preceding calculations being based on observations 
made on stars in tho northern hemisphere, it was obviously 
desirable that similar estimates should be made from the observed 
proper motions of southern stars. Mr. Galloway undertook and 
executed these calculations ; and found that the southern stars 
gave the direction of the solar motion for 1 790, to be towards a point 
whose right ascension is 260® 1', and north polar distance 55® 37'. 

No doubt, therefore, can remain that the proper motion of the 
stars is produced by a real motion of the solar system, and that the 
direction of this motion in 1790 was towards a point of space which 
seen from the then position of the system had the right ascension 
of about 260®, and the north polar distance of about 55®. 

67. It follows from these calculations, that tho average dis- 
placement of the stars requires that the motion of tho sun should 
be such as that if its direction were at right angles to a visual 
ray, drawn from a star of the first magnitude of averago distance, 
its apparent annual motion would be 0*3392"; and taking the 
ave^e parallax of such a star at 0*209", if J) express the 
semi-axis of the earth’s orbit, the annual motion of the sun 
would be 


3392 
2090 ^ 


D 


1*623 D. 


ft 


Herschel, Ast., 2nd Ed., p. 583. 
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It follows thorefore, that the annual motion of the sun would be 
1*623 X 95,(H)0(mz=:15^,200(mmRes; 
and the daily motion 

422000 miles; 


a velocity equal to something more than the fourth of the earth’s 
orbital motion. 

68. The motion of the sun, which has been computed in what 
precedes, is that which it had at a particular epoch. No account 
is taken of the possible or probable changes of direction of such 
motion. To suppose that the solar system should move con- 
tinuously in one and the same direction, would be equivalent to 
the supposition that no body or collection of bodies in the universe 
would exercise any attraction upon it. It is obviously more 
consistent with probability and analogy, that the motion of the 
system is orbital^ that is to say, that it revolves round some 
remote centre of attraction, and that the direction of its motion 
must continually change, although such change, owing to the 
great magnitude of its orbit, and the relative slowness of its 
motion, be so very slow as to be quite imperceptible within even 
the longest interval over which astronomical records extend. 

Attempts have, nevertheless, been made to determine the 
centre of the solar motion; and Dr. Madler has thrown out a 
surmise that it lies at a point in or near the small constellation 
of the Pleiades. 

This and like speculations must, however, be regarded as 
conjectural for the present. 


THE FO&H AND DIl^ENSIONS OF THE MASS OF STARS WHICH 
COMPOSE THE VISIDLE FIRMAMENT. 

69. The aspect of the firmament might, at hrst, impress the 
mind of an observer with the idea that the numerous stars scat- 
tered over it ore destitute of any law or regularity of arrange- 
ment, and that their distribution is like the fortuitous position 
which objects casually flung upon such a surface might be 
imagined to assume. If, however, the diflerent regions of the 
heavens be more carefully examined and compared, this first 
impression will be corrected, and it will, on the contrary, be 
found that the distribution of the stars over the surface of the 
celestial sphere follows a distinct and well defined law; that 
their density, or the number of them wliich is found in a given 
space of the heavens, varies regularly, increasing continually in 
certain directions and decreasing in others. 

Sir W. Herschel submitted the heavens, or at least that part 
10 
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of tLem which is observable in these latitudes, to a rigorous 
telescopic survey', counting the number of individual stars visible 
in the field of view of a telescope of given aperture, focal length, 
and magnifying power, when directed to different parts of the 
firmament. The result of this survey proved that, around two 
points of the celestial sphere diametricaUy opposed to each other, 
the stars are more thinly scattered than elsewhere ; that depart- 
ing from these points in any direction, the number of stars 
included in the field of view of the same telescope increases first 
slowly, but at greater distances more rapidly ; that this increase 
•continues until the telescope receives a direction at right angles 
to the diameter which joins the two opposite points where the 
distribution is most sparse ; and that in this direction the stars 
are so closely crowded together that it becomes, in some cases, 
impracticable to count them. 

70, The two opposite points of the celestial sphere, around which 
the stars are observed to be most sparse, have been called the galac- 
tic POLES ; and the great circle at right angles to the diameter 
joining these points, has been denominated the galactic cikclb. 

This circle intersects the celestial equator at two points, situate 
10** east of the equinoctial points, and is inclined to the equator at 
an angle of 63°, and, therefore, to the ecliptic at an angle of 40**. 

In referring to and explaining the distribution of the stars over 
the celestial sphere, it will be convenient to refer them to this circle 
and its poles, as, for other purposes, they have been referred to the 
•equator and its poles. We shall, therefore, express the distance of 
different points of the firmament from the galactic circle, in either 
hemisphere, by the terms north or south galactic latitude. 

71. The elaborate series of stellar observations in the northern 
hemisphere made during a great part of his life, by Sir W. 
Herschel, and subsequently extended and continued in the south- 
ern hemisphere by Sir J. Herschel, has supplied data by which 
the law of the dis^ibution of the stars, according to their galactic 
latitude, has been ascertained at least with a near approximation. 

The great celestial survey executed by these eminent 
observers, was conducted upon the principle explained above. 
The telescope used for the purpose had 18 inches aperture, 20 feet 
focal length, and a magnifying power of 180. It was directed 
indiscriminately to every point of the celestial sphere visible m 
the latitude of the places of observation. 

It was by means of a vast number of distinct observations thus 
made, that the position of the galactic poles was ascertained. 
The density of the stars, measured by the number included in 
each “gauge” (as the field of view was called), was nearly the 
:same for the same galactic latitude, and increased in proceeding 
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from the galaotio pole, yery slowly at first, but with great rajudity 
when the galaotio latitude was much diminished. 

72. An analysis of the observations of Sir W. Hersohel, in the 
northern hemisphere, was made by Professor Struve, with the 
view of determining the mean density of the stars in suooessive 
zones of galactic latitude ; and a like analysis has been made of 
the observations of Sir J. Herschel, in the southern hemisphere. 

If we imagine the celestial sphere resolved into a succession of 
zones, each measuring 15^ in breadth, and bounded by parallels 
to the galactic circle, the average number of stars included within 
a circle, whose diameter is 15', and whose magnitude, therefore, 
would be about the fourth part of that of the disc of the sun or 
moon, will be that which is given in the second column of the 
following Table. 

Avcra^ number 

Galactic Latitude. of Stars in a circle 15' 

diameter. 

4*32 
5*42 


N 90** 
» 75 " 
„ 60- 

.. 45 " 

,» 30" 

»5 

o' 

15" 

30 * 
45 ’’ 
60® 

75 “ 


S o" — 


75 
60** 

45 " 

0“ 
* 5 " 

— 30" 

~ 45 " 

— 60® 

~ 75 “ 

— 90® 


8*21 

13-61 

24-09 

53*43 

52-06 

26-29 

* 3*49 

9-08 

6-62 

6-05 


It appears, therefore, that the variation of the density of the 
visible stars in proceeding from the galaotio plane, either north or 
south, is subject almost exactly to the same law of decrease, the 
density, however, at each latitude being somewhat greater in the 
southern than in the northern hemisphere. 

73. The regions of the heavens, which extend to a certain 
distance on one side and the other of the galactic plane, are 
generally so densely covered with small stars, as to present to the 
naked eye the appearance, not of stars crowded together, but of 
whitish nebulous light. This appearance extends over a vast 
extent of the celestial sphere, deviating in some places from the 
exact direction of the ^actic circle, bifurcating and diverging 
into two branches at a certain point which afterwards reunite, and 
at other places throwing out off-shoots. This appearance was 
denominated the Via Lactea, or the galaxy by the ancients, 
and it has retained that name. 

The oourseof thefiiilky way may be somuohmore easily and dearly 
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followed by means of a map of the stars, or a celestial globe, 
upon which it is delineated, that it will be needless here to 
describe it. 

74. When this nebulous whiteness is submitted to telescopic 
examination with instruments of adequate power, it proves to be a 
mass of countless numbers of stars, so small as to be individually 
undistinguishable, and so crowded together as to give to the place 
they occupy the whitish appearance from which the milky way 
takes its name. 

Some idea may be formed of the enormous number of stars 
which are crowded together in those parts of the heavens, by 
the actual numbers so distinctly visible as to admit of being 
counted or estimated, which are stated by Sir W. Herschel to 
have been seen in spaces of given extent. He states, for example, 
that in those parts of the milky way in which the stars were most 
thinly scattered, he sometimes saw eighty stars in each field. In 
an hour, fifteen degrees of the firmament were carried before his 
telescope, showing successively sixty distinct fields. Allowing 
eighty stars for each of these fields, there were thus exhibited, in 
a single hour, without moving the telescope, four thousand eight 
hundred distinct stars ! But by moving the instrument at the 
same time in the vertical direction, he found that in a space of 
the firmament, not more than fifteen degrees long, by four broad, 
he saw fifty thousand stars, large enough to be individually 
visible and distinctly counted ! The surprising character of this 
result will be more adequately appreciated, if it is remembered 
that this number of stars thus seen in the space of the heavens, 
not more than thirty diameters of the moon’s disc in length, and 
eight in breadth, is fifty times greater than all the stars taken 
together, which the nak^ eye can perceive at any one time in the 
heavens, on the most serene and unclouded night ! 

On presenting the telescope to the richer portion of the via 
lactea^ Herschel found, as might be expected, much greater num- 
bers of stars. In a single field he was able to count 588 stars ; and 
for fifteen minutes, the firmament beiqg moved before his tele- 
soope by the diurnal motion, no diminution of number was 
apparent ; the number seen at any one time being greater than 
can be seen by the naked eye, on the entire firmament, except on 
the clearest nights. 

75. It may be considered as established by a body of analogical 
evidence, having all the force of demonstration, that the fixed 
stars are self-lu min ous bodies, similar to our sun ; and that 
although they may differ more or less from our sun and from each 
other in magmtude and intrinsic lustre, they have a certain ave- 
rage magnitude ; and that, therefore, in the mam, the great 
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differences wliioli are apparent in their brightness, is to be ascribed 
to dijSferenoe of distance. Assuming, then, that they are separated 
from eaoh other by distances analogous to their distances from the 
sun, itself a star, the general phenomena which have been 
described aboTe, involTing the rapid increase of stellar density in 
approaching the galactic plane, combined with the obserred form 
of the miUcy way, which, following the galactic plane in its 
general course, departs nevertheless froxx^ it at some points, 
bifurcates resolving itself into two diverging branches at others, 
and at others throws out irregular off- shoots, conducted Sir W. 
Hersohel to the oonolusion, that the stars of our firmament, in- 
, eluding those which the telescope renders visible, as well as those 
.visible to the naked eye, instead of being scattered indifferently in 
all directions around the solar system through the depths of the 
universe, form a stratum of definite form and dimensions, of whioh 
the thickness bears avery small proportion to the lengthand breadth, 
and that the sun and solar system is placed within this stratum, 
very near its point of bifurcation, relatively to its breadth near its 
middle point, and relatively to its thickness (os would appear from 
the more recent observations) nearer to its northern th^ to its 
southern surface. 

Let A 0 H n, fig. 9, represent a rough outlii^e of a section of such 
a stratum, made by a plane passing through or near its centre. 


Fig. 9. 



Let A B represent the intersection of this with the plane of the 
galactic circle, so that, s being the place of the solar system, z c 
will be tlie direction of the north, and s d that of the south galac- 
tic pole. Let SH represent the two branches whioh bifurcate 
from the chief stratum at b. Kow, if we imagine visual lines to 
be drawn from s in all directions, it will be apparent that those 
z c and s b, whioh are directed to the galactio poles, pass through 
a thinner bed of stars than any of the others ; and since z is sup- 
posed to be nearer to the northern than to tiie southern side of 
the stratum, z c will pass through a less thickness of stars than 
1A 
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ij>. As the visual lilies are inclined at greater and greater angles 
to s A, their length rapidly decreases, as is evident by compering 
SA, zn, and s 7 , which explains the fact that while the stars are 
as thick as powder in the direction z a, they becenne less so in 
the direction zs, and still less in the direction zv, until at the 
poles in the directions 2 c and 2 n, they become least dense. 

On the other side, z b being less than s a, a part of the 
galactic circle is found at which the stars are more thinly 
scattered ; but in two directions, z h intermediate between s b 
and the galactic poles, they again become nearly os dense as in 
the direction z a. 

This illustration must, however, be taken in a very general 
sense. No attempt is made to represent the various off-shoots 
and variations of length, breadth, and depth of the stratum 
measured from the position of the solar system within it, which 
have been indicated by the telescopic Bounding^ of Sir W. 
Hersohel and his illustrious son, whose wondrous labours have 
effected what promises in time, by the persevering researches of 
their successors, to become a complete analysis of this most mar- 
veUous mass of systems. Meanwhile it may be considered as 
demonstrated, that it consists of myriads of stars clustered 
together : — 

** A broad and ample road, whose dust is gold. 

And pavement stars, as stars to us appear ; 

8wn in the galaxy that Milky Way, 

Like to a circling zone powder’d with stars.” — M ilton. 

The appearance which this mass of stars would present if viewed 
firam a position directly above its general plane, and at a sufficient 
distance to allow its entire outline to be discerned, was represented 
by Sir William Herschel as resembling the starrv stratum sketched 
in fig. 10. ^ 

He considered that it was probable that the thickneBB of this 
hed of Btars was equal to about eighty times the distance of the 
nearest of the fixed stars from our system ; and supposing onr 
^ ^ near the middle of this thickness, it would follow that 
the stars on its surface in a direction perpendicular to its general 
plane would he at the fortieth order of distance from us. The 
stam placed in the more remote edges of its length and breadth he 
ratimated to be in some places at the nine-hundredth order of 
distance from us, so that its extreme length may be said to be in 
numbers about 2000 times the distance of the nearest fixed 
stars from our syst^. Such a space light would take 20000 years 
to ov^, moving all that time at the rate of nearly 200000 
miles between every two ticks of a common dock ! 
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Figl- 66, 86.— SPIRAL KEBULJC, AS SROWD BY THE ORZAT BOB8E TELESCOPE. 


THE STELLAR UNIVERSE, 


CHAPTEE V. 

Stellar clusters and kebulje : 76. The stars of th& firmament a 
stellar cluster. — 77. Such clustera innumerable. — 78i Their distribu- 
tion on the firmament.— 79. Their constitution. — 80. Their apparent 
and real forms. — 81. Nebulae.— -82. Double nebulae.— 83. Planetacy 
nebulae.— 84* Annular nebulae. — 85. Spiral nebulae. 

STELLAK CLUSTERS AND NED^L.®:. 

76. It appears, ^en, that our sun is an individual star, forming 
only a single unit in a cluster or mass of many millions of other 
similar stars ; that this cluster has limited dim^iaions, has asccr** 
tainable kngth, breadth, and thickness,, and, in short, forms ^diat 
laay be expressed by a universe of solar systems^ The mind, still 
Lardnbr's Museuu or Sciekce. o 17 
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tuuMtiiA^is «s urgent as befbxe in its questions regarding tb» 
remamit ^f irimemUy. However vast the dimensions of tiiis 
mass of tuns be, ihej are nevertheless finite. How stupendous 
soever be Hie space ii^lnded within them, it is still nothing 
oompared to the immensity which lies outside t Is that immensity 
avast solitude? Are its unexplored realms dark and silent? 
Has Omnipotence circumscribed its agency, and has Infinite 
Beneficence left those unfathomed regions destitute of evidence of 
His power ? 

That the infinitude of space should exist without a purpose, 
unoccupied by any works of creation, is plainly incompatible with 
all our notions of the character and attributes of the Author of the 
universe, whether derived from the voice of revelation or from the 
light of nature. We should therefore infer, even in the absence 
of direct evidence, that some works of creation are dispersed 
through those spaces which lie beyond the limits of that vast 
stellar cluster of which our system is a port. Nay, we should be 
led, by the most obvious analogies, to conjecture that other stellar 
clusters^ like our own, ore dispersed through immensity, separated 
probably by distances as much greater than those which inter- 
vene between star and star, as the latter are greater than those 
which separate the bodies of the solar system. But if such dis- 
tant clusters existed, it may bo objected, that they must be visible 
to us ; that although diminished, perhaps, to mere spots on the 
flrmf^ent, they would still be rendered apparent, were it only as 
confused whitish patches, by the telescope ; that as the stars of 
the milky way assume to the naked eye the appearance of mere 
whitish nebulosity, so the far more distant stars of other clusters, 
which Cflumot be perceived at all by the naked eye, would, to tele- 
scopes of adequate power, present the same whitish nebulous 
appearance ; and that wo might look forward without despair to 
such augmentation of the powers of the telescope as may even 
enable us to perceive them to be actual clusters of stars. 

77. Such anticipations have accordingly been realised. In 
various ports of the firmament objects are seen which, to the 
naked eye, appear like stars seen through a mist, and sometimes 
as nebulous specks, which might be, and not infrequently have been, 
mistaken for comets. With ordinary telescopes these objects are 
visible in very considerable numbers, and were observed nearly a 
^tury ago. In the Connaissance des Temps^ for 1784, Messier, 
tnen so celebrated for his observations on comets, published a 
eatalogue of 103 objects of this class, of many of which he gave 
drawings, with which all observers who search for comets ought 
to be familiar, to avoid being misled by their resemblance to them. 
The improved powers of the telescope speedily disclosed to astro- 
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nomers the nature of these otjeots, which, when examined by 
sufficient magnifying powers, prove to be masses of stars olustered 
together in a manner identical with that cluster in which our sun 
is placed. They appear as they do, mere specks of whitish light, 
bemuse of their enormous distance. 

78. These objects are not dispersed fortuitously and indiffierently 
on all parts of the heavens. They are wholly absent £rom some 
regions, in some rarely found, and crowded in amazing profusion 
in others. Their disposition, however, is not like that of the stars 
in general, determined by a great circle of the sphere and its 
poles. It was supposed that they showed a tendency to crowd 
towards a zone at right angles to the galactic circle, but a careful 
comparison of their position does not confirm this. According to 
Sir W. and Sir J. Herschel, the nebulce prevail most around the 
foUowing ports of the celestial sphere : — 

1 The North Galactic Pole. 5 Canes Venaticu 

2 Leo xnajor. 6 Coma Berenici. 

8 Leo minor. 7 Bootes (precedingly). 

4 Ursa major. 3 Virgo (head, wings, and shoulder). 

The parts of the heavens, on the other hand, where they are found 
in the smallest niunbers, are, — 


1 Aries. 

2 Taurus. 

8 Orion (head and shoulders). 

4 Auriga. 

5 Perseus. 

6 Camelopardus. 


7 Draco. 

8 Hercules. 

9 Serpentarius (northern part). 

10 Serpens (tail). 

11 Aquila (tail). 

12 Lyra. 


In the southern hemisphere their distribution is more uniform. 

79. What thpse objects are, and of what they severally consist, 
admits of no reasonable doubt. \ So far as relates to the stellar 
clusters, their constituent parts are visible. They are, as their 
name imports, masses of stars collected together at certain points 
in the regions of space which stretch beyond the limits of our own 
cluster, and are by distance so reduced in their visual magnitude, 
that an entire cluster will appear to the naked eye, if it be visible 
at all, as a single star, and when seen with the telescope will be 
included within the limit of a single field of view. 

Different clusters exhibit their component stars seen with the 
same magnifying power more or less distinctly. Thus, for 
example, fig, 11 represents the appearance of a cluster seen with 
a powerful telescope, in which the stars appear like grains of 
silver powder. 

In fig. 12, on the other hand, the component stars are distinct, 
and those of fig. 13 still more so. 

c 2 
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This maj be explained either by difference of distance, or by 
the snppofiltion that they may consist of stars of different real 
magnitudes, and crowded more or less closely together. The 
former wippoidtiott is, however, by far the more natural and 
probable.. 

The appearance of the stars composing some of the clusters is 
^te gorgeous. Sir J. Herschel says, that the duster which 
surrounds le Ouds in the southern hemisphere, occupies the 48th 
part of a square degree, or about the tenth part of the superficial 
magnitude of the moon^s disc, and consists of about 110 stars 
hiom the 7th magnitude downwards, eight of the more con- 
11. Fig. 12. 




s{douou8 stars being coloured with various tints of red, green, and 
due, so as to give to the whole the appearance of a rich piece of 
jewellery. 

duster compared with clus- 
ter show all gradations of 
smallness and closeness of the 
component stars, until they 
assume the appearance of 

patches of starry powder. * . ^ v J ■ ' 

These varieties are more ob- •* 

viously ascribable to varying 
distances. 

Then follow those patches ^ 

of starry light which are seen 
in so many regions of the 
heavens, and which have been 
denominated nebulas, appear- 
ing with very diffeMt degrees of magnitude and brightness. 
Telescopic views of three such are given in figs. 14, 15, and 16. 

^0 
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That these are still clusters, of which the oompcmeut stars are 
iadistinguishable by reason of their remoteness^ there are the 


FIff. 14. 


Fig. IS. 


strongest evidence and most striking an alo ^^ to prove* Svery 
augmentation of power and improvement of effidenoy the tele* 

scope receives, augments tlie 
Fig. la number of nebulffi whioR m 

-- converted by that instrumeiit 
into clusters. Nebulm which were 
irresolvable befbre the time of Sir 
W. Hersohel, yielded in large 
numbers to the powers of the in- 
struments which that observer 
brought to bear upon them. The 
labours of Sir J. Herschel, the 
colossal telescopes oonstruoted hy 
Lord Kosse, and the erection of 
observatories in multiplied num> 
bers in climates and under shies 
more favourable to observation, 
have all tended to augment the 
number of nebulm which have been resolved, and it may be ex- 
pend tiiat this progress will continue, the resolution of these 
objects into stellar clusters being co-extensive with the improved 
powers of the telescope and the increased number and zeal of 
observers. 

A theory was put forward to explain these objects, based upon 
views not in accordance with what has just been related. It was 
assumed hypothetioally that the nebulous matter was a sort of 
lumiuous fluid diffused through different parts of the universe ; 
that by its aggregation on certain laws of attraction, solid lumi- 
nous maues in prooess of time were produced, and that these 
nebulm grew into clusters. 

It woul^ not be compatihle with the limits of this Tract, and 
the objects to which it is directed| to pursue this speculation 
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thnmgb its oonfaqueBoes, to state tiie arguments by ^bioh it is 
8U|i^tt6d and opposed; and it is the less necessary to do so, seeing 
tXiataadi im hypothesis is not needed to explain appearances whidi 
axe so snore ohyiously and simply explicable by the admission 

of a (ii^tioa of distnnoes. 

80« Ihe apparent forms of these objects are extremely various, 
and to most extraordinary and unexpected changes, 

acoordUng to the magnifying power under which they are viewed. 
This ought, however, to excite no surprise. The telescope is an 
exponent by which a well-defined and strongly illuminated 
opti<»d image of a distant object is formed so close to the observer, 
that he b enabled to view it with microscopes of greater or less 
power, according to the perfection of its defi^tion, and the inten- 
sity of its illumination. Now, it b known to all who are familiar 
with the use of the microscope, that the apparent form and 
structure of an ol^*ect change in ^e most remarkable and unex- 
pected way when viewed with different miorosoopic powers. The 
blo<d, lor example, which vbwed with the naked eye, or with low 
powm, b a unilcwly red fluid, appears as a p^uoU liquid, 
having jbaell red dim floating in it, whmi seen with h^her 
powers, like eflbits are manifested in the oases of the nebulse, 
when submitted to exandnation with different and iumeasing 
urngiiifying powers, of which we ihall presently diow many 
atiudng examxdes. 

^ Stellar dusters are generally roundish or irregular patohea. The 
iiUm which compose them are always much more densely crowded 
tefpsther, in going bom the edges of the cluster towards the centre, 
Jto that at the centre they exhibit a perfect blaxe of light. 

Ihe apparent form b that of a section of the real form, made 
by a {ilaim at rig^t angles to the visual ray. If the mass had a 
inotion^^ ^rotation, or any other motion by which it would change 
thb fbne, so as to exhibit to the eye successively different sections 
of ii^ ns real form could be inferred as those of the planets have 
been* But there are no discoverable indioationB of any such 
motion in these objeob. Them real forms, therefore, can only be 
oonjedtored from comparing their apparent forms with toeir 
structural appearance. 

The clusters having roimd apparent forms, and of which the 
stars are rapidly more dense towards the centres, are inferred to 
be dther globidar or spheroidal masses of stars, the greater 
apparent density in passing from the edges to the centre being 
explained by the greater thickness of the mass, in the direction 
oi the visual line. Clusters of irregular outline which show also 
a density increasing inwards, are also inferred, for like reasons, to 
be masses of stars^ whose dimensions in the dirootion of the visual 
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raj8 correspond with their dimensicms in the direction at right 
angles to those rays. 

In Rg. 17 is represented a cluster observed and delineated by 
Sir J. Herschel. It is situated at about south of. the celestial 
equatw, and about 38 east of the autumnal equinoctial point. 
It occupies a space on the heavens^ the diameter of which is equal 
to the 300th part of that of the full moon. Sir John Herschel^ 
who observed it with a redecting telescope of nine inch aperture, 
describes its appearance as that of a most superb cluster of stars 
of the fifteenth magnitude, so condensed towards the centre as to 
become a perfect blaze of light. He compares it to a mass of fine 
luminous sand. 

Nothing can be more striking than the difierent appearances 
which the same objects have presented, when viewed by the 

Fig. 17. 



telescopes of Sir John Herschel and the more powerful instruments 
constructed by the Earl of Eosse* In fig. 18 we have given the 
same cluster as it appears in one of Lord Kosse’s telescopes. 

The stars which, in Sir John Herschd^s instruments, are crowded 
together so as to produce a blaze of li^t, ere completely separated 
by the telescope of Lord Bosse. 

In fig. 19 is represented an object as delineated by Sir John 
Herschel, which appears in his telescope as a fine oval nebula, the 
length' of whi(^ is about the eighth, and the breadth the tenth, 
port of the moon’s diameter. This nebula is situated a few 
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degrees nerth of tiie oonstellatioii of Orion, between it and 
AldebaraiL 

la dg. 20, the same object is delineated as shown by Lord 
Bosse’s tdesoope. Here a still greater change^ of appearance is 
produced than in the former case. The oyal form is lost, and 
cwmted Into that whudi is shown in the figure. The ol^jeot is 
studded with innumerable stars, which are projected upon a 
nabnlous ground. This nebulous ground would most evidently 
be resolved into stars if viewed with still higher powers. 


81. The nebnlee, properly so called, present a much greater 
variety of Ibnu than the stellar dusters. Some are circular, with 
more or less precision of outline. Some are elliptioal, the oval 
outline having deg^s of ^centricity infinitdy various, firom one 
which scarcely Iroima circle, to one which is compressed 
into a form not sensibly different from a straight line. In short, 
the minor axis of the ellipses bears all proportions to the major 
axis, until it beoomel a very small fnictifm of the latter. 

To infer the real from the apparont forms of these objects with 
any certainty, there are no st^cient data. But in the cases in 
24 
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whkli the brightness increases rapidly towards the centre, which 
it very genendly does, it may be probably conjectured that their 
forms are globular or spheroidal, for the reasons already explained 

Fig. 19 . 


Fig. 20. 

in relation to the clusters, and this becomes the more probable 
when it is considered, that these nebolso are in fact clusters, the 
stars of which are reduced to a nebulous patch by distance. 
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Nev^ertheleis, these nebulsB may be strata of stars, of which the 
thickness is small compared with their other dimensions; and 
supposing their real outline to be circular, they will appear elUp- 
if the plane of the stratum be inclined to the visual line, and 
niptf or leu excentnooUy elliptical, according as the angle of 
is luore or less acute. In cases in wMoh the brightness 
^^>ef Dint incroasC in a striking degree from the edges inwands, this 
b more pmbable than the globular or the spheroidal. 

- ; Ifebube may be oonvexiientiy classed according to their apparent 
^fbrm ahd structure ; but whatever arrangement may be adopted, 
,[fii6S0 btjeots exhibit such varieties, assume such capricious and 
irmsgcdar forms, and undergo such strange and unexpected 
^l^hanges of appearance accox^g to ihe increasing power of the 
Intssof^ with which they are viewed, that it will always be 
found that great numbers of them will remaiu unavoidably 

82. Like individual stars, nebulee are found to be combined in 
pairs too frequently to be compatible with the supposition, that 
such combinations arise from the fortuitous resiilts of the small 
•obliquity of the visual rays, which causes mere optical juxta- 
position. 

In Rgs. 21, 22, 23, and 24, four double nebulae of this olass are 
rejnresented. 

In Rg. 21, the visual line passes between them without touching 

Fig. 21. Fig. 22. 


either, and they are oonsequentiy seen completely separated* 
They are in this ease equal in magnitude. 

In fig. 22 they are also equal in magnitude, but the distance 
between their centres being less than their diameter, they partially 
overlay each other. 
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In figs. 23 and 24 they ore unequal, and also partly overlay 
each o^er. 


Fig. S8. 


Fig. 24. 


These double nebuhe ore generally circular in their apparent, 
and therefore probably globular in their real form. In some cases 
they are resolvable clusters. 

That such pairs of clusters are physically connected does not 
admit of a reasonable doubt, and it is highly probable that, like 
the binary stars, they move round each other, or round a common 
centre of attraction, although the apparent motion attending such 
revolution is rendered so slow by Iheir immense distance that it 
can only be ascertained after the lapse of ages. 

83. Planetary Nehtdce , — This class of objects derive their name 
from their close resemblance to planetary discs. They are in 
general either circular or very slightly oval. In some cases the 
disc is sharply defined, in others it is hazy and nebulous at the 
edges. In some the disc shows a uniform surface, and in some 
it has on appearance which Sir J. Herschel describes by the term 
curdled^ 

There is no reason to doubt that the constitation of these objects 
is the same as that of other nebulm, and that they are in fact 
clusterf of stars which by mutual proximity and vast distance are 
reduced to the form of planetary discs. 

Nebulffi of this class, which are not numerous, present some 
remarkable peculiarities of appearance and colour. It has been 
already observed that, although the companion of a red individual 
of a double star appears blue or green, it is not certain that this is 
its rekl colour, ^e optical efiect of the strong red of its near 
neighbour being such as would render a white star apparently 
blue or green, and no example of any single blue or green star 
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has ever baea witnessed. The planetary nehnke, however, present 
some T€iy remarkable examples of these colours. Sir J, Herschel 
indicates a beautiful instance of this, in a planetary nebula situate 
in the southern constellation of the Cross. The apparent diameter 
and the disc is nearly circular, with wel^defined otttHila, 
aiiil’a^^ due and Ml Uue colour verging somewhat upm ipreem’* 
other planetaxy nebulm ore of a like colour, but more 
fml. * 

xTIbd, magnitudes of these stupendous masses of stars may be 
(HM^ectored from Iheir probable distances. One of the largest, 
aad dbistofore probably the nearest of them, is situate near the 
stsif # tTrsse migoris (one of the pointers). Its apparent dta-* 
m^er is 2' 40*« Now, if this were only at the distance of 61 
Cygni, whose parallax is known, it would have a diameter 
equal to seven times that of the extreme limit of the solar 
Intern; but as it is certain that its distance must be many 
times greater, it may be conceived that its dimensions must 1^ 
enormous. 

In dg. 25 is represented a small nebula of this olass, drawn by 
Sir J. Herschel. It is situate near the star S in the constellation 
Herctdes (nx, 17^ 45™ k f n, 66^ 53^), and is desoribed as having a 

Fig. 25. Pig. 26. 


perceptible disc from 1" to 11" in diameter, snrroiuided by a faint 
nebula. 

Jn 6g. 26 is another similar object, situated a Httle to the north 
of the constellation of Lyra (b a 19^^ 40™ n p n 39** 54^. A most 
oUnbue djeot. A star of the 11th magnitude, surrounded by a 
very bright and perfectly round planetary nebula of uniform 
light. Bsameter in b a 3*5", perhaps a very littile hazy at the 
e^ics. (HersdielO 

In fig. 27 is represented another of tilie same riass, situated in. 
(b a 13* 29™ K Fl> 107^ 1) the oonstellation Yixgo near the bright 
star Spica, Its entire diameter is 2^, being the Idth of that of the 
moon, and the diameter of the bright central part 10^ to 15”. It 
is described as a faint laige nebula losing itself quite impercep- 
tibly ; a good type of its oUss. (Herschel.) 

lu fig. 26 is a nebula, situate in (b a 10^ 28™ k fd 35" 36^). It 
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is described as a bright rouzul nebula, forming almost a diso 15* 
diameter, surrounded by a very feeble atmosphere. (HersoheL) 

Flfir- 17. 


84. Annular Nebules. — K very few of the nebulm have been 
observed to be annular. Until lately there were only four. The 
telescopes of Lord Rosse have, however, added five to the number, 
by showing that certain nebulte formerly supposed to be small 
round patches are really annular. It is extremely probable, that 
many others of the smaller class of round nebula) will prove to be 
annular, when submitted to farther examination with telescopes 
of adequate power and efficiency. 

In fig. 29 one of this class is given, tjie situation of which is 
(r a 8** 47“ K p n 57® IV) between the constellations of Gemini and 
Cancer. This otject, ^wn by Sir J. Hersohel, is the ann u la r 
nebula between $ and y Lyres. He estimates its diameter at 
6"*5. The annulus is oval, its longer axis being indiined at 57® to 
the meridian. The central vacuity is not blacky but filled with a 
Ficr* 29. Fi(f. 80. 


nebulous light. The edges are not sharply cut off, but ill defined ; 
they exhibit a curdled and confused appearance, like that of stars 
out of focus. He considers it not well represent^ in the drawing. 
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Fig. SO if tho saibe objeet as shown in tlie telescope of Lord 
Bofse. This drawing was made with the smaller telempe, three 
feet aperture, before the great telescope had been ereot^ The 
nebula ijras observed seven times in 1848, and onoe in 1849. With 
Hie large telescope, the central opening showed considerably more 
nsboloi^y than it appeared to have with the smaller instrument. 
It was also noticed, that several small stars were seen around it 
with the large instrument, which did not appear with the smaller 
one, &om which it was inferred that the stars seen in the dark 
opening of the ring may possibly be merely accidental, and have 
no physical relation to the nebula. In the annuliis near the 
extremity of the minor axis, severol minute stars were visible. 

85. Spiral NehuUm , — The discovery of this class of objects, the 
most extraordinary and unexpected which modem research has 
yet disclosed in stellar astronomy, is due to Lord Eosse. Their 
general foml and character may be oonoeived by referring to 
those represented in figs. 32 and 34. These extraordinary 

* Fig. 81 . 


forms are so entirely removed from all analogy with any of the 
phenomena presented either in the motions of the solar system, 
or the comets, or those of any other objects to which observation 
has been directed, that all conjecture as to the physical condition 
30 
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of the masses of stars whioh could assume such forms would be 
Toin. The number of instances as jet detected, in which this 
ioim preTails, is not great ; but it is sufficient to prove that the 
phenomenon, whatever be its cause, is the result of the operation 
of some general law. It is pretty certain, that when the same 
powerful instruments which have rendered these forms visible in 
objects which hod already been so long under the scrutiny of the 
most eminent observers of the lost hundred years, including Sir 
W. and Bir Js. Herschel, aided by the vast telescopic powers at 
their disposition, without raising even a suspicion of their real 
form and structure, have been applied to other nebulas, other cases 
of the same phenomenon will be brought to light. In this point of 
view it is much to be regretted, that the telescopes of Loid Rosse 
cannot have the great advantage of being used under skies 
more favourable to stellar researches, since the discovery of such 
forms as these not only requires instruments of such power as Lord 
Rosse alone possesses at present, but also the most favourable 
atmospheric conditions. 

In connection with this class of objects, and indeed with the 
nebulsB generally, one of the most remarkable is situate (r a IS*' 
33“ N P D 41® 56'); as shown in fig. 31, it was observed and drawn 
by Sir John Herschel. ** This is,” says that eminent astronomer, 
“ in many respects, one of the most remarkable and interesting of 
its class, and has been submitted to elaborate examination by all 
the eminent observers.” The distance of the centre of the small 
nebula from that of the large one, is given by Messier, as 4' 35", 
which may serve as a modulus for its other dimensions. It was 
described by Sir W. Herschel as a bright round nebula, surrounded 
by a halo or glory, and attended by a companion. Sir J. Herschel 
observed this object, and represented it os in the figure. He 
noticed the partial division of the ring, as if. it were split, as its 
most remarkable and interesting feature, and inferred &at, sup- 
posing it to consist of stars, the appearance it would present to an 
observer, placed on a planet attached to one of them excentrically 
situate towards the north preceding quarter of the central mass, 
would be exactly similar to that of the milky way as seen from 
the earth, traversing in a manner precisely sii^ar the firmament 
of large stars, into which the central cluster would be seen pro- 
jected, and (owing to its greater distance) appearing like it to 
consist of stars much smaller than those in other parts of the 
heavens. ‘*Can it be,” asks Sir J. Herschel, “ that we have here 
a brother system, bearing a real physical resemblance and strong 
analogy of structure to our own ? ” Sir J. Herschel further argues, 
that all idea of sjnnmetry caused by rotation must be relinquished, 
considering that the elliptical form of the inner subdivided portion 
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piroiNii>iUtj an deTaH<»a ^ that ]part aboyar 
thet^ so tiuct the real form mnet he that<»f a 
half its ciroumferenoe, and haying the i^t p<»rthms 

1%« S2 is the same objeot as shown by Lord Eosse’s telesoope« 
^l|iis shows, in a striking manner, how entirely the appearances of 
these objeeto are liable to be yaried by the increased magnifying 
^ower and greater efficiency of the telescope through which they 
aare viewed. It is evident, that very little resemblance or analogy 
is dmaoverable between fig. 31 and fig. 32. Lord Eosse, however, 



says that if Sir John Herschel’s be placed as it would be seen with 
a Newtonian telescope, the bright convolutions of the spiral shown 
in his own would be recognised in the appearance which Sir J. 
Hersohel supposed to be that which would be produced by a split or 
divided ting. Lord Rosse further observes that, with each increase 
of optical power, the structure of this object becomes more com- 
plioalnd and more unlike anything which could be supposed to be 
the result of any form of dynamical law of which we find a coun- 
terpart in our system. The connection of the companion with the 
principal nebula, of which there is not the least doubt, and which 
is represented in the sketch, adds, in Lord Rosse’s opinion, if pos- 
sible, to the difficulty of forming any conceivable hypothesis. 
That such a sy^em should exist without internal movement he 
considers in the last degree improbable. Our conception may be 
aided, by uniting with the idea of motion the efieots of a resisting 
medium ; but it is impossible to imagine such a system in any point 
of view, as a case of mere statical equilibriiun. Measurements he 
therefore considers of the highest interest, but of great difficulty. 
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OHAPTEB VI. 

Spiral nebuka (oontiaiied). — 86. Number of nebulsa. — 87.* The Dumb- 
Bell nebula as observed by Sir J. Herschel ^ud Lord Bosse. — 88. 
Various nebulas figured by the same observers. — 89. Large irre- 
gular nebulae. — 90. Rich cluster in the Centaur. — ^91. The great 
nebula in Orion. — 92. The great nebula in Argo.— >98. Magellanic 
clouds. 

In fig. 33 is reproduced a drawing by Sir J. Herschel of a large 
nebula haying a diameter estimated by him at 3', or a tenth of that 
of the moon. This object is situate in £ a O'* 22" n p n 67° 45'^ and 
therefore near the northern part of the constellation of Leo minor. 
This is described by Sir John Herschel as a rery bright extended 
nebula, with an approach to a second nucleus, which, however, is 
very fhint. 

^ is the same object as shown by Lord Bosse’s telescope. 
This object was first observed with the great telescope, 24th Mar^, 
1846, when a tendency to an aunnlar or spiral form was discovered. 
On the dth March, 1848, in more favourable weath^, the spiral 
form was distinctly seen in an oblique direction. The nebula was 
well resolved, particularly towards the centre, where it was very 
bright. 

LiRDimfs Mvssxrx or Somroi. n Sd 
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THK eilSLLAB UMiySItSE. 

ipiralnebakwab^m 

wl^Mt of examination liy aU oinln^olMenwn 


Kg.m. n«.u. 

aU ' — ■-> . . “ . . 1,-* ~ . r -7' 



fiince the time of Messier, in whose catalogue it is No. 99. The 
spiral form of the nebula, represented in iig. 32, was discovered 
Lord Kosse, in the early part of 1845. In the spring of 1846, 
that represent^ in the present figure was discovered. The spiral 
form is here also presented, but of a different character. Lord 
Rosse conjectures, that the nebula No. 2370, and 3239 of HerscheFs 
southern catalogue, ore very probably objects of a similar cha- 
racter. As HerscheFs telescope did not reveal any trace of the 
form of this nebula, it is not surprising that it did not disclose the 
spiral form presumed to belong to the others, and it is not, there- 
fore unreasonable to hope, according to his lordship, that whenever 
the southern hemisphere shall be re-examined with instruments of 
greater power, these two remarkable nebul® will yield some inte- 
resting results. 

Lord Eosse has discovered other spiral nebulsc, but they arc 
oomparatively difficult to be seen, and the greatest powers of the 
instrument are required to bring out the details. 

In fig. 36 is another nebula having the spiral character, and a 
most singular form. Its situation is ba 1^ 24*" b fd 60** Sr, 
and is therefore in the northern part of the constellation Pisces* 
It is of great magnitude, having a diameter not less than half 
that of the moon. This object has been the suljeot of observa- 
tion by all the eminent observers. Sir John Herschel deseribes it 
as enoMously large, growing very gradually blighter towards 
the middle, and having a star of ^ 12th mag^tude^ north, 
following the nucleus, and being oharaCterised by irregularities 
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oi light, and even by feeble subordinate nuclei and many small 
stars. The drawing represents it as seen with the more powerful 

. . . .. 


telescope of Lord llosse. A tendency to a spiral form \^ras dis- 
tinctly seen on the 6th, 10th, and 16th September, 1649. The 
whole object was involved in a faint nebulosity, which probably 
extends past several knots which lie about it in different directions. 

86. The forms and magnitudes of the nebulae are so infinitely 
various, tiiat it is impossible to reduce them to any definite 
classification. Their number also is quite imbounded. The 
catalogues of Sir J. Herschel contain above 4000, of which the 
places are assigned, and the magnitudes, forms, and apparent 
characters described. As observers are multiplied, and the tele- 
scope improved, and especially when the means of observation 
have been extended to places that are more favourable for such 
observations, it may be expected that the number observed will 
be indefinitely augmented. 

87. In fig. 37, we have reproduced the drawing of a well- 

known nebula by Sir J ohn Herschel. Iliis has been e^ed, from its 
apparent form, the Dumb Bell nebula. Its situation is n a 19^ 52*" 
XPD 67° 44^1 and consequently between the constellatioBS of 
Vulpa minor and Lyra. Sir John Herschel describes it as a 
neb^a shaped like a dumb-bell, double-headed shot,* or hour- 
glass, the elliptic outline being oompleted by a more feeble 
nebulou light. Tlie axis of symmetry through the centres of the 
two chief masses j]i<&ed at 80” to &e mei^ian. Diameter of 
e^ptio light from T Ic 8^ resolvable, bat four stars are 
visible on it, of 18tb, and 14th magnitude. The southern 
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the optical image. If on that occasion a second eye-piece had 
been used of lower poweri the intermediate nebulous matter 
would have been seen, as represented in the drawing, and the 
drawing would he as perfect as, and nearly identical with, that 

Kik'. 41. 42. 



obtninod with the greater telescope, ii lower power being used. 

l'’i£r.’43. I’lpr' u 



It will be observed that the general outline of this remarkable 
object which is so geometrically exact as seen with the inferior 
power used by Sir John Herschel, is totally etfaced by the appli- 
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cation of the higher powers used hy Lord llosse, and consequently 
Sir John HerscheFs theoretical speculations based upon this parti- 
cular form, must be regarded as losing much of their force, it not 
wholly inadmissible ; and this is an example proving how unsafe 
it is to draw any theoretical inferences from apparent peculiarities 
of form or structure in these objects, which may be only the 
effect of the imperfect impressions we receive of them, and which, 
consequently, disappear when higher telescopic powers are applied. 
The case of the nebula represented in ligs. 31 and 32, presents 
another striking example of the force of these observations. 

H8. In lig. 40 is a nebula drawn by Sir J. Herschel, who 
(h'seribes it as a faint large round nebula, which, hy attentive 
examination, may be seen to be composed of excessively minute 
stars, appearing like points rubbed out. It is, in fact, a globular 
cluslir. 

In hg. 41, is a nebula situated in n A 22“ 56*”, N p n 78* 36', 
and therefore in tlie southern part of the constellation of Pegasus. 
The length of this, as estimated by Sir J . Herschel, is 2', or the 
15th part of the moon’s diameter, while the breadth is only half a 
minute, or the GOth part of the breadth of the lunar disk. It 
is shown III lig. 41 as it appeared in the telescope of Sir J. 
Herschel. It is described by him as pretty bright and resolvable, 
and extended between two small stars, having two very small 
stars visible in it. 

In fig. 42 is shown' the same object as seen in Lord Rossers 
telescope. It was frequently observed, both by Lord Rosse him- 
self and several of fiis friends, and the drawing represents the 
form with great accuracy. It was doubtful whether the form 
was strictly spiral, or whether it were not more properly annular. 

In hg. 43 is shown a double nebula situate in n A 7'^ 16”*, 
N r n 60° 11', and therefore near the bright star Castor. It is 
drawn by Sir J. Herschel, who describes it as a curious bright 
double or an elongated bicentral nebula. 

In fig, 44 is the same object as shown by I^ord Rosse’s 
telescope on 22nd December, 1848, A bright star was visible 
between the nebulm from which tails and curved filaments 
issued. The existence of an annulus surrounding the tw^o nebulee 
was suspected. 

In figs, 45, 46 are views of the same nebula, as seen by Sir 
.1. Herschel and Lord Rosse. This object is situate in K A 11** 10®. 
N p D 75° 59', and therefore between the two brightest stars of the 
constellation Leo. Its length is 4' or about the 7th of the moon’s 
diameter. It is described by »Sir John Herschel as large, elliptical 
in form, with a round nucleus, and growing gradually brighter 
towards the middle. 
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In fig. 46 it is given as shown by Lord Rossers telescope, 31st 
March, 1848, Described as a curious nebula, nucleus resolvable. 


Fig. 45. Fig, 46. 
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having a spiral or annular 
arrangement about it. It 
was also observed with the 
same results on the 1st and 
3rd April. 

A nebula, situate in n a 
15’' 2™, N p I) 33^ 35', is 

shown in fig. 47, its length 
being 50" and breadth 
20 ". 

Tliis nebula was not 
figured by Sir John Her- 
schel ; but is dcscribU by 
him as an object very 
briglit, and growing much 
brighter towards the 
middle. The drawing re- 
presents the object as seen 
iu liord liosse’s telescope, 
in April, 1848. It is de- 
scribed by Lord llosse as a 
very bright resolvable ne- 
bula, but that none of the 
comapnent .stars could be 
distinctly seen even willi 
a magnifying power of 
1000. A i)erfeetly straiglit 
longitudinal division ap- 
pears in the direction of 
the major axis of the ellipse. 
Resolvability was strongly 
indicated towards the nu- 
cleus, According to Lord 
Rosse, the proportion of 
the major axis to the minor 
axis was 8 to 1 ; much 
greater than the estimate 
of Sir John Herschel, 

In figs. 48, 49 are given 
two views of the same 
nebula by Sir J, Herschel 
and Lord Rosse. Its situa- 
tion is R A 12»‘ 33,*" N r D 
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50^ 3(V. It is therefore near the northern limit of the Coma 
Berenices. It Is described by Sir John Hersohel as a nebula of 

_ fy?- 4S. Fig. 40 

I'lg. 4. 
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enormous length, extending 
across an entire field of 15', 
the nucleus not being "well 
defined. It was preceded by 
a star of the tenth magni- 
tude, and that again by a 
small faint round nebula, 
the whole forming a fine and 
very curious combination. 

Fig. 49 is the same object 
as shown by Lord Rosse’s 
telescope on 19th April, 1849. 

The drawing is stated to be 
executed with great care, 
and to be very accurate. A 
most extraordinary ol^ject, 
masses of light appearing 
through it in knots. 

In fig. 50, p. 33, is represented 



nebula situate in R a 6** SO*", n p 
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T) 81* 30'. It is therefore situate about midway between the bright 
star Prooyon and the shoulders of the constellation Orion. This 
object is described by Sir John Herschel as a star of the 12th 
magnitude, with a bright cometic branch issuing from it, 60" in 
length, forming an angle of 60^ with the meridian, passing through 
it. The star is described as ill-defined, the apex of the nebula 
coming exactly up to it, but not passing it. 

Fig. 51, p. 33, is the same object as seen with Lord Rosse’s tele- 
scope on 16th January, 1850, Lord Rosso observed that the two 
comparatively dark spaces, one near the apex and the other near 
the base of the cone, arc very remarkable. 

In fig. 52, p. 193, Vol. vii., is represented a nebula situated in 
M A IP 5"*, N r D 34° 3', having a diameter equal to about the 90th 
part of that of the moon. It is drawn and described by Hir John 
Herschel as a large uniform nebulous disk, very bright and 
IKTfectly round, but sharply defined, and yet very suddenly fading 
away into darkness. A most extraordinary object. 

Fig. 53, p. 193, Vol. vii., is the same object as shown by Lord 
Rflfcso’s telescope. Two stars considerably apart, seen in the central 
part of the nebula. A dark penumbra around each spiral aiTange- 
ment with stars as apparent centres of attraction, Stars spark- 
ling in it and in the nebula resolvable. Lord Rosse saw two largo 

Kicr. Ficr. 



and very dark spots- in the middle, and remarked -that all round 
its edge the sky appeared darker than usual. 
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In lig. 04 is represented a nebula situated in it a 2d‘‘ 18'**, 
V V J) 48" 24', as drawn by Sir John Herschel, who describes it as 
a tine planetary nebula. With a power of 240 it was beautifully 
defined, light, rather mottled, and the edges the least in the world 
unshaped. It is not nebulous, but looks as if it had a double 
outline, or like a star a little out of focus. It is perfectly 
circular. 

Fig. oo is the same object as shown in Lord Rossc’s telescope, 
loth — 10th December 1848. A central dark spot surrounded by a 
bright annulus. 

1 n fig. 50, p. 1 , vol. viii., is a nebula situate in ii A 20’* 54'**, N p u 
Diameter lO " to 12" according to Herschel, but 25" bj" 17" 
:ic(ording to Stmvo, wlio gives it a more oval form. This figure 
is tliat given by Sir Jolm Herschel, who describes it as a fine pla- 
netary nebula with equable light and bluish white colour. 

Fig. 57, p. 1 , A'ol. viii., is the same object as shown by Lord Ro.sse^8 
lelescopo. Like a globe surrounded by a ring such as that of 
Saturn, the usual line being in the jdane of the ring. 

In fig. 5S is a nebula drawn by Sir ,1. Herschel, situate in u \ 

f'lcr. y\<r. 



7’* 10“* 8’, N r j) 08 ’ 45'. Described as a star exactly in the centre 
of a bright circular atmosphere 25" in diameter, the star being 
quite stellar, and not a mere nucleus, and is a most remarkable 
object. 

Fig. 59 is the same object as shown by Lord Rosse’s telescope 
on 20th February, 1849 ; described by him as a most astonishing 
object. It was examined in January 1850, with powers of 700 
and 900, when botli the dark and bright rings seemed unequal in 
breadth. 
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In fig. 60 is represented a drawing by Lord.Rossc, made with 
his large telescope, of a nebula situate in R a 5** 27“, n r d 96^ 2'. 
This nebula surrounds the small star i Orionis, and has a diameter 
equal to about a tenth part of that of the moon. 

Fig. 60 . 



89. All the nebula; described above are objects generally of 
regular form, and subtending small visual angles. There are 
others, however, of a very different character, which cannot be 
passed without some notice. Those objects cover spaces on the 
firmament, many nearly as extensive as, and some much more 
extensive than, the moon’s disk. Some of them have been re- 
solved. Of those which are larger and more diffused, some 
exhibit irregularly shaped patches of nebulous light, affecting 
forms resembling those of clouds, in which tracts are seen in 
every stage of resolution, from nebulosity irresolvable by the 
largest and most powerful telescopes, to stars perfectly separated 
like parts of the milky way, and ‘‘ clustering groups sufficiently 
insulated and condensed to come under the designation of irregular 
and, in some cases, pretty rich clusters. But, besides these, there 
are also nebulae in abundance, both regular and irregular ; glo- 
bular clusters, in every state of condensation, and objects of a 
nebulous character quite peculiar, which have no analogy in any 
other part of the heavens.”* 

* Hei-schel, Outlines of Astronomj, p. 618. 
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90, The star « Centauri presents one of the most striking ex- 
amples of the class of large diffused clusters. It is nearly round, 
and has an apparent diameter equal to two- thirds of that of the 
moon, Tliis remarkable object was included in Mr. Dunlop’s 
catalogue (“Phil. Trans.” 1828) ; but it is from the observations 
of Sir John Herschel, at the Cape, that the knowledge of its 
splendid character is derived. That astronomer pronounces it, 
beyond all comparison, the richest and largest object of the kind 
in the heavens. The stars composing it are literally innumerable ; 
and as their collective light affects the eye hardly more than that 
of a star of the fifth magnitude, the minuteness of each of them 
may be imagined. The apparent magnitude of this object is such 
that, when it was concentric with the field of Sir J. IlerschePs 
20-feet telescope, the straggling stars at the edges were beyond 
the limit of the field. In stating that the diameter is two-thirds 
of the moon’s disk, it must be understood to apply to the diameter 
of the condensed cluster, and not to include the straggling stars at 
the edges. When the centre of the cluster was brought to the 
edge of the field, the outer stars extended fully half a radius 
beyond the middle of it.* 

The appearance of this magnificent object resembles that shown 
in fig. 18, only that the stars are much more densely crowded 
together, and the outline more circular, indicating a pretty exact 
globe as the real form of the mass. 

91. llie great nebula in Orion , — The position of this extraordi- 
nary object is in the sword-handle of the figure which forms the 
constellation of Orion. It consists of irregular cloud-shapcd 
nebulous patches, extending over a surface about 40' square ; that 
is, one whose apparent breadth and height exceed the apparent 
diameter of the moon by about one-third, and whose superficial 
magnitude is, therefore, rather more than twice that of the moon’s 
disk. Drawings of this nebula have been made by several ob- 
servers, and engravings of them have been already published in 
various works. 

In fig. 61 is given a representation of the central part of this 
object. The portion here represented has a height and breadth 
about one- sixth less than the diameter of the moon. An engrav- 
ing upon a very large scale, of the entire extent of the nebula, 
with an indication of the various stars which serve as a sort of 
landmarks to it, may be seen by reference to Sir J. Herschel’s 
“ Cape Observations,” accompanied by the interesting details of 
his observations upon it. 

Sir J . Herschel describes the brightest portion of this nebula as 


Cape Observations, p, 21. 
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resombliDg the head and yawning jaws of some monstrous animal, 
with a sort of proboscis running out from the snout. The stars 
scattered over it probably have no connection with it, and arc 
doubtless placed much nearer to our system than the nebula, being 
visually projected upon it. Parts of this nebula, when submitted 
to the powers of Lord Posse’s telescope, show evident indications 
of resolvabilit}'. 

92, An object of the same class is shown in fig. 62, p. ITT, 
Yol. vii., and presenting like appearances; it is diffused around 
the star tj in the constellation Argo, and formed a special subject 
of observation by Sir J. Herschcl, during his residence at the 
Cape. An engraving of it on a large scale, giving all its details, 
may be seen in the “ Cape Observations.” The i)osition of the 
centre of the nebula is, ii a KP 38' 38", n r n 148° 4T'. 

This object consists of diffused irregular nebulous patches, 
extending over a surface measuring nearly T"' in right ascen- 
sion, and 68' in declination ; the entire area, therefore, being 
equal to a square space, whose side w'ould measure one degree. It 
occupies, therefore, a space on the heavens about live times greater 
than the disk of tlic moon. 

The part of the nebula immediately surrounding the central 
star, is represented in hg. 62, The space here represented measures 
about one- fourth of the entire extent of the nebula, in declination, 
and one-third in right ascension, an(l about a twelfth of its entire 
magnitude. 

No part of this remarkable object has shown the least ten- 
dency to resolvability. It is entirely compressed within tin. 
limits ot that part of the milky way which traverses the southern 
lirmament, the stars of which arc seen projected upon it in 
thousands. Sir J. Herschel has actually counted 1200 of these 
stars projected upon a part of this nebula, measuring no more 
than 28' in declination, and 32' in right ascension, and he thinks 
that it is impossible to avoid the conclusion, that in looking at 
it wo see through and beyond the milky way, far out into 
space through a starless region, disconnecting it altogether with 
our system. 

93. The Magellanic clouds are two extensive nebulous patches 
also seen on the southern firmament, the greater called the nubecula 
major y being included between R A 4** 40"‘, and 6^ 0'“ and n p n 136° 
and 162°, occupying a superficial area of 42 square degrees ; and tlu; 
other called the nubecula minor y being included between E aO** 21"' 
and 1** 15® and between nd p 162° and 165®, covering about 10 
square degrees. 

These nebula) consist of patches of cveiy character, some irre- 
solvable, and others resolvable in all degrees, and mixed with 
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clusters ; in fine, liaving all the characters already explained in 
the eases of the large diffused nebula) described above. So great 
is the number of distinct nebula) and clusters crowded together in 
these tracts of the firmament, that 278, besides 50 or 00 outliers, 
have been enumerated by Sir J. Herscliel, within the area of the 
nubecula mnjor alone. 
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COiADION THINGS. 

CIIAPTEll 1. 

1. rijyhioal conJitittn of Man nonerally neglect oil. — 2. Tlio l>rain tlie 
organ of intelligence. — 3. CTcneral view of tlie norvonh syst. iu. — 4. 
Stnictnre of tlio brain. — r». The Facial Angle. — tl. il-^ Aanation in 
tliflerent animals. — 7. Kecogni.seil us an iiolii'ation nf int» llectual 
]»OAver. — S. Tlie advantages Man derives from the foi ju of his members. 
— b. Prehensile ami locomotive members. — 1 0. Stnictnrr < .f the hand. 
— 11. The bones of the arm and hand. — 12. Wonderful ])la\ of the 
muscles and the movement of the fingers ; example of piano-forto 
jdaying. — 12. The lower members. — 14. The leg and foot. — ir>. The 
erect position ])ro])er to man. — lb. Man alone biiuuuous and 
bipedoms. — 17. Quadrumana. — 18. Power of language. 

1. ALTnoTJGii it lias been affirmed and quoted by g^cneration after 
generation that 


“The proper study of mankind is man," 

that study, even among the most cultivated, has been confined too 
exclusively to the social and political condition of our race, to 
the total neglect of the physical relations by which it is con- 
nected with the inferior species. Although these relations exhibit 
JLabdner’s Museum op Science. e 49 
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in a striking point of view all that we have in common with the 
rest of the animal kingdom, they render manifest not less con- 
spicuously those which set us apart from, and exalt us aboVe 
them. So profoundly impressed was the greatest of modern 
naturalists with the force of the evidence of man’s superiority, 
derived merely from his physical organisation, that he maintained 
that, even according to the rigorous principles of inductive 
science based on j)hysieal and mechanical phenomena, without 
taking into consideration the possession of the reasoning faculty, 
man onglit to he classified, not as a specuis of the order of verte- 
bra ted animals, but .'is an order apart, distinct from and independent 
of Jill (ithrr ])arts of organised nature, and presenting the anoma- 
lous exarnj)l(; of being the sole genus of liis order and the sole 
species of liis g(‘nus.* 

Nevertheless, our physical organisation difters hut little in 
appearanet‘ from that of a considerable number of Mammifers,t 
lliat is, of the animals which suckle their young. The functions of 
nutrition Avith us and with them are alike, and the structure of 
the organs of sense ])resent but few distinguishing peculiar itii s. 
Vet man is placed immeasurahlj'- above all other organised beings, 
a superiority which lu' owes, not altogether to the gift of reason 
and of languag(’, hut also, in a great degree, to tlie mechanical 
eonforra.ation of his members. 

‘J. Physiologists Inive traced a general relation between tlu^ 
degree of iiit(‘llig(‘nce manifested by different orgauist'd beings, 
and the volume and structure of the brain, not only Avhon spoeies 
is compared witli spi'cics, but wdicn individual is eoinj)ared with 
individual : and some have pretended to push this induction even 
so far as to connect different parts of the brain with different 
faculties, passions, and tendencies, founding their conclusions 
partly on observations of the human brain in connection with the 
development of liuman character, and partly on the analogies 
observable hid ween the human brain, passions, and tendencies, 
compared witli the brain, passions, and tendencies of inferior 
animals. Hence has arisen that new branch of inquiry claiming 
a place in physiological science under the name of Phrenology. 

However questions of this order may he decided, it has never 
been doubted that the brain is the organ of iiiUdligence, thought, 
and feeling. It is the centre of the nervous system, and is con- 
nected with all parts of the body by thousands of nervous 
lilaments. 

3. Some notion of the manner in which these diverge from the 
brain and from all parts of the spinal cord, and ramify over all 
* Cuvier. 

t From manimay a “ pap, or teat,’’ and /cro, “I bear.” 
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Iho organs and mombers, may be obtained by the annexed figure, 
where a is the brain ; ft, the posterior part of that organ, called 



\ 


the cereheUum ; c, the spinal cord ; d, the branch of nerves which 
ramifies over the face ; c, that which goes to the arm ; /, <7, ft, 
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its ramilications over the lower arm and hand ; those which 
spread over the trunk ; k, /, t})os(i which lead to the leg and 
thigh ; Ttij o, tJieir ramifications over the leg and foot. 

The innuTnera])k' norv^ous filaments which are thus spread over 
the entire system, and which at length hecome so minute as to be 
microscopic, are the messengers of thought, carrying the dictates 
of the will from the brain to all the members, which move in most 



Fig. 1. — View of the inferior snil.u-e »>f tlio Imnmn bruin, divested of its 
im inbraiitms uitings. 

absolute obedience to the commands thus received. Tliey arc also 
the conductors of sensation from all parts of tlie system to the 
brain, and are therefore divided into two classes ; the first con- 
sisting of those Tv^hich, carrying the dictates of the will to the 
movable members, are called nerres of viotion ; and the second, 
of tliosc Avhich, conveying sensation from all parts of the body to 
the brain, are called 7iercvs of senmtwn. The practical proof 
that each of these classes of nerves is invested with the special 
functions here ascribed to them, is found in the fact, that if 
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a nerve* of motion be cut, the member which it moves will be 
immediately paralysed ; and if a nerve of sensation bo cut, the 
part which it connects with the brain will l>ecome insensible. 
Thus, for example, if the nerves of motion proceeding from the 
braiu to the arm he divided at the shoulder, the entire arm and 
hand will be ])aralysed, the will losing all power over it. In like 
manner, if the nerve connecting the optical membrane of either 
(*ye be di\ided at any point between that membrane and the point 
where the m tm- unites with that which proceeds from the other 
eye, llie foimer eye will become blind, the sight of the latter 
remaining unimpaired. But if tlic ojdic nerve be divided beyond 




1']^:. H,— ScclK'U ol tho huiiiuii brum made by a \ertio.d pLuic i>a&f-!n 
throuj^h tbt middle of the hireheud. 

the point where the nerves from the two 03^08 are united, hotli eyes 
will lose the ])ower of vision. 

4 . The brain being the organ of intelligence, it has, as might 
naturall}" be expected, a great(‘r development and more perfect 
structure in man than in tin; inferior animals. The rvrehral 
hnnisphervs^ as they are called, are more voluminous, aud their 
convolutions are more prominent and numerous, and extended 
over a much larger region of tlie skull. The}' cover, for example, 
that part of the organ called llic rvrvhcUumy while in inferior 
an'mals the}' never extend over it, and in many cases have no 
existence at all. 

The part of the brain which occupies the front of the skull in 
man is remarkable for the extent of its volume, and gives that 
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peculiar elevation to the forehead and nobleness of aspect which is 
nowhere to be found among the inferior species. 

5. The proportion wdiich the part of the head occupied by the 
])rincipal organs of sens(*, — those of seeing, hearing, smelling, and 
tasting, — hears to the ])art occupied by the brain and its appendages, 
is found to bii a good gtaieral modulus of the power of the intcl- 
hictual faculties ; and accordingly methods have been sought by 
jdiysiologists, by which this proportion can be conveniently 
ascertained with some degree of aj>proximation by external in- 
dications, independently of the results of dissection. The method 
whicli Las been most generally received is that proposed by 
Cami>er, an eminent Dutch naturalist, which consists in measuring 
what he called the facial aiujlv^ formed by a line, c d, (tig, 3) 
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drawn through the opening of the ear and tlio base of tlu' nostrils, 
with another line, a A, drawn from the ni(>st salient point of the 
forehead, through th(* front of the upper jaw. This angle will be 
greater or less, according to the greater or less development of the 
brain, especially in its anterior ])art. 

In (romparing man with the inferior animals, it is found 
accordingly, that tlie facial angle exceeds those* of the lattc^r in a 
large proportion ; and in eomparing difierent species of animals 
one with another, tlie variation of this angle is in remarkable 
accordance with their several manifestations of intelligence, 

r>. The follow’ing an* the facial angles of certain species, accord- 
ing to ditfereiit physiological authorities 


Man (European'^ (ti;;. to 90^ 

<.)nr;uoOut:iiiij; ^tij:. 4) .... r>e> ’ to (50^ 

Apes (tiij. 30'^ to t>5^ 

‘ 35 ^ 

Ihiin 30^ 

Horse 23^ 


According to Professor Milne Edwards, the forehead in the case 
of the wild hoar (fig. G) is so falling, that it is impossible to 
draw a straight line from the upper jaw to the most prominent 
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part of the skull, the latter falling considerably behind the bony 
projection of the nose. 

Flfr. G. 


AVith birds and iishes the facial angle is less than with mam- 
niifcrs, and with reptiles, as in the crocodile (lig. T), is often so 
small as to bo scarcely aj)pr(‘ciable. 


o 


1 ^"’ 

la comparing individuals of the human race existing indillerent 
climates and \inder dillerent physical inlliiences, the facial angle 
is subject to much variation. Thus, while with the European 
(lig. 3) it is sometimes so great as 
with the negro (tig. 8) it seldom 
exceeds 70 . 

7. Although the more complete in- 
vestigation of the eonnectioii of cerebral 
devt'lojiment with the extent of tlu^ 
intellectual faculties was reserved fur 
modern investigators, it does not appear 
to have escaped the notice of the ancients, 
who evidently saw in the facial angle an index of intelligence. 
Not only do we find in their writings an erect frontal line noticed 
as a mark of a generous nature and an essential character of 
beauty, but the ancient sculptors conferred upon the hgures of 
tht'ir heroes and their gods a facial angle mucli larger than is ever 
seen in man ; and in some of the more remarkable statues which 
have come down to us, — tlie Olympian Jupiter for example,- — the 
frontal line h a, tig. 3, actually inclines forwards so as to render 
the facial angle obtuse. 

Even the most vulgar observation ascribes stupidity to a pro- 
jecting mouth and nose and retiring forehead, to which tlu' name 
muzzle is given, whether found in men or in animals. And when 
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Owing to the peculiar OApn-ssiou thus given, the owl, ns is well 
known, was adopted by the ancients as the sj'mhol of wisdom, and 
th(‘ Indian elephant hears an oriental name wdiicli implies the pos- 
sessi(n\ <it‘ a (HTtaiii share of reason. 

8. Th(' brain, liowever, is not the only part of his organism, to 
which man owes liis great superiority; the conformation of his 
members, combined with his intellectual powers, gives him a 




FUNCTIONS OF THE MEMBERS. 


dominion over the inferior species, which he never could obtain by 
his natural strcnf]^th or swiftness. 

Like that t)f the supe rior classes of Mammifers g^enerally, the 
human body is supplied witli four members ; the superior, or arms 
and hands, and the inferior, or 
lej^s and feet. It is found in the 
works of nature, as in those of art, 
tliat the more extensivelv flic 
]>rineij)h‘ of the division of lal>our 
is carried out, tie* greater will be 
tlie ]aTfectiou of the instruments. 

A tool or a machine, which attains 
two purposes, attains neither ot 
them so p(‘rfectly as would two 
tools or machines especialh* adapted 
to the execution of each. Now Ave 
tind, on comparing man with tlu' 
inferior animals, that lu‘ supplies a 
solitary ('xani]de of th(‘ rigorous 
application of the principle of the 
division of lalxuir in the functions of liis members. Tlie neces- 
sities of its well-being require that the creature should he 
supplied with memhors to seize and members to pursuit the 
objiicts of its nutrition. llcm;e arises tlu‘ necessity for members 
of prehension and members of locomotion. In some of the inferior 
animals, as, for example, c(Ttain quadrupeds, the four members 
are exclusivt ly locomotive, tlie act of prehension being confined to 
the nioutli. Jii otliers, however, all the four members, besides 
fulfilling the fuiK'tions of locomotion, are more or less ])rehensile, 
thus serving a double purpose, and therefore, according to the 
])riiicij)lc explained abt)ve, serving it by comparison less pcrfectl}'. 
In some, the prehensile functions of the four members prevailing 
over their locomotive functions, naturalists liaA\^ given them the 
name of (juadrumaua, or four-handed, in contradistinction to that 
<d‘ quadrupeds, or four-footed, given to those species whose members 
are more exclusively locomotive. 

th In man alone are found at once memhers which are exclu- 
sively prehensile, and others exclusive!}' locomotive. 

10. The superior members are disposed in a manner most 
favourable for prehension and touch. By the peculiar mechanism 
of the shoiJder- joint, the arm can be directed Avith nearly equal 
facility upAvards, doAvnwards, forwards, and backwards. The 
fore-arm at the same time being hinged upon the elboAV, and the 
hand upon the A\rist, a still more varied play is gh'en to the liand, 
the immediate iiistnimcnt of prehension. But even with this 
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variety of motion and inflection, something would still be wanting^ 
The chief seat of the sensibility of touch is the palm of the hand 
and the palmar sides of the fingers ; and the mechanism of the 
hand is so contrived as to accommodate itself to the play of this 
sensibility. The tliumb is mounted so as to face the fingers, and 
the articulations of both are such as to enable them to be inflected 
towards each otlier, and towards the palm, so that when an object 
is embraced or grasjied by the fingers, all the part of the hand 
possessing most sensibility of touch is brought into contact with it. 
If we grasp the hand of a friend or a beloved relative, the palms 
come into contact, and we are conscious of a mutual sensation con- 
veyed through th(' nervous system. If, while the mechanism of 
the hand remains the same, the nerves which now overspread the 
palm and the palmar sides of the fingers were spread over tlie back 
of the hand, all this sensibility would cease. 

It is obviously essential that the palm of the hand, whiidi is 
thus its preheiisive side, should be capable of being turned in 
all directions, so as to present itself to the objects to be grasped 
or touched. But the hinge joints of the wrist and elbow would 
only enable the palm to be inflected inwards towards the hollow of 
the arm. 

It is true that the rotatory motion which can be given to the 
arm upon the shoulder would vary the play of the palm, but the 
motion 'would still be imperfect for the purpos<‘s of prehensiou 
and touch. An ex])odicnt is, therefore, providt d, which may be 
fairly said to confer upon the hand the utmost perfection as an 
orgtin of prehension. This expedient consists of a simple and 
beautiful mechanical arrangement in the structure of the fore arm, 
which is composed betweeu the elbow and 'U'rist, not of one, but 
of two bones, of nearly equal length, placed side by side. One of 
these, called the nlna^ is articulated 'udth tlie upper bone of tlio 
arm at the elbow by a hinge joint ; the other, called the radius^ 
is articulated to the hand at the wrist, with a like hinge motion. 
But the radius having the hand thus appended to it is so arranged 
that it can revolve round the ulna, cai-rying the hand wuth it, thus 
having the faculty of presenting the palm in any desired direction 
'without changing the general position of tln^ arm. 

11. In fig, 11, the bones of the arm and hand are represented ; 
the \ilna, hinged upon the elboAV, being on th(‘ left, and the radius, 
with the hand hinged upon it at the wrist, being on the right. 
The two bones are tied together by intermediate ligaments (6, 7), 
the ligament by which the hand is tied to the radius appearing 
at 10. The palm of the hand and tlie hollow of the elbow are 
supposed to be presented to the obstTver. 

When to all these conditions it is added that the successive 
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bon(‘S of tlic finders gradually decrease in length ; that they are 

articulated with a succession of liinge joints ; that they are moved 

independently, one of another, hy a scries of 

muscles acted u])on hy nerves which are under 

the comi)letc dominion of the w'ill, the ad- / , / 

niirable perfection of the organ of prehension j;i 

and touch may be in some degree appreciated. y :;m 

12. When the moAxraents of the arm, 
liand, and fingers, are considered collectively, 
it may bo stated, 'without exaggeration, that 
in directing the fingers to any object of touch, 
a hundred muscl(‘s are brought into opera- 
tion, whoso contractile power is excited by 
thousands of ncTvous filaments, each of which V, 
is under the absolute dominion of the w’ill, 

each action of volition requiring a corre- mh | 

s})onding i ntelloctual exertion . II ow wond rous ' l|!r I J' 

this maeliinery intellectual, physiological, and (|/A| 

mechanical, must be, the least refiection upon | m'M 

the luamial exercises which are daily j)er- | Wm 

formed, especially in civilised and polished 

life, will render manifest. When a performer, 

for example, executes upon the piano-forte one ; j 

of the comidicated compositions of the modern ' vA \ 

composers for that instrument, as many as ten 

thousand notes must be produced by tlu‘ 

application of the lingers to the keys. The 

longest of these pieces is executed in al)(»ut 

15 minutes, or, in round numbers, 1000 

seconds, so tliat the notes must be produced n\ 

at th(‘ rate of 10 j)er second, and as each note Mif Mill 

re(iuires a se})arate dictate of the will, and 

each dictate of the will a separate act of the W 

mind, we arrive at tlic surprising conclusion W / ( / / ^'1 ^ 

that these mental acts arc performed in this R yjMV'sW 

particular ease at the rate of 10 per second. ^ IJ I f ll( 

Nor can it bo said that habit enables the U 

fingers to move mechanically while the mind }J ^ 

is passive, and that the facility given by repeti- 
tion supersedes mental action ; for artists are found so expert as to 
ext'cutc such pieces at sight, never having previously studied them. 

13. The lower members are as eminently fitted for the purposes 
of support and h^comotion as are the superior for prehension. 
Attached to the hip bones or pehds, at the external corners, they 
are so articulated as to have a certain play forward, backward, 
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and laterally, sullicient fur tbe purpose of locomotion, yet not too 
great for stability. 

While the arm at the shoulder plays in an extremely shallow 
socket, so as to give it all that vast range of motion which is neces- 
sary in an organ of j)rehension, hut would be altogether incom- 
patible with one of susteiifation, the thigh bone is articulated at 
the liip in a deep spherical socket, W'hich looks oblicpiely down- 
wards, and W'hich rests upon the convex head of the bone with 
sulheient lirmness and solidit}^ to alibrd a secure support to the 
ineunibent weight of tlu* trunk, the upper mt'mbers, and the head. 

M. The l(*g is articulated to the thigh at tlu* knee by a hinge 
joint, which enables it to Ik* inllected backwards, so as to accom- 
modate itself to a ])rogressive motion. Unlike the hand, the foot 
has no rotatory motion on the leg ; the two bones composing wdiicb, 
lirmly united together, C(mtiiie between tlu^m the u])per hone of 
the foot, forming the ankles at either side of it. 'J'he foot thus 
moves with a hinge motion on the ankle joint, j)rojecting back- 
wards at the heel, and still further forward in the direction of 
tlu‘ toes, so as to supply a large basis for the support of the body. 

The Uh's, uiilik(‘ the thumb and lingers, are totally incaj)able 
(d* ])rehension ; the gnuit toe, wdiich corresponds to the thumb, 
instead of' facing the others, is placed in juxta]>(>sitiou wdtli them, 
and they cannot therefori' lu* brought together so as to ft)rm, like 
the lingers and thumb, a s(>rt of pincers. 

The sole of the foot eorresjmnds to the ])alm, and the instep to 
the back, c»f the haml. 'J'he hones of tlu' latbT, extending 
ohli<iuely from tlie bond of the ankle joint to the eommencement 
of the toes, form an tdastic arch, by which the blood-vessels, 
jiervcs, and muscles of the loot are ])roteeted from the pressure of 
the weight of llie body, W'hieh would otherwise crush them. The 
Jleshy mass formed by the muscles and fat placed upon the solo 
eoiistituU'S a cushion or hull'er, wdiicli softens the collision wdiich 
must ol-herwdse take ])laee each time that the foot comes to the 
ground, with the wdiole weight of the body upon it. 

15. Everything in the nieehaiiical structure of the body con- 
spires to prove that man w^as made to stand erect ; and wnth this 
erect ])osition are associated numerous eonse([ueiiees ct>nuc‘Cted 
with his superiority over other species. His feet are formed with 
a base which is large in t)roportion to his body, so that the centre 
of gravity can be easily k(*j)t vertically over it, a condition which 
is essential to his stability. The legs, in their natural position, 
are placed at right angles to the solos of the feet, and are therefore 
vertical wdien tlie latter arc horizontal. The centre of gravity of 
the trunk is at some distance in front of the spinal column, and 
would therefore have a tendency to incline forward, so that the 
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body would take the position of that of a quadruped, in which tl.e 
spinal column would be liorizontal, the upper part of the trunk 
being supported by the arms, the hands performing the duties of fore- 
feet. lJut this is prevented by the establishment along the whole 
(‘-xtent of the back of several layers of powerful muscles, whieli tie 
tile vertebiie together, two and two, three and threi', four and 
four, and so on. The tone of these muscles is such, that their 
normal tension produces a force 'which ('quilibrates with the 
weight of the trunk acting at its centre of gravity in front of the 
spine. These muscles have a power of eontraetion and relaxation 
within fuTtain limits, h}’- which the body can be inclined haek- 
w'ards (U’ forw’ards, more or h'ss. The head is mounted upon the 
summit of the vertebral column, forming as it w’cre its capital, ir 
a mainuT obviously adapted for the viTtical position. Like the 
trunk, its centre of gravity is a little in front of the summit to 
th(' spinal column, and therefore it would liave a teiideiiey to 
ineliiie forwards, but this as before is re^'isted by muscles of 
adequate pow'er jdaced on the hack of the luek. 

Nothing more manifestly indicates the intention of nature 
that man should stand ere(‘t, than tlu‘ j)Ositiou of his face 
and the direction of his optic axes. In the erect position his 
face look.^ forw^ards, and the optic axes are horizontal, Diit 
if he W'ere to assume the ])rone j)ositiou, supported by his four 
members like a quadruped, the optic axes w'ould be directed 
dowinvards, and, excejii by a strained eiibrt of the neck, lu^ 
eould not see before him. To this it may be added, that 
the knee joint being so constructed that tlu‘ leg can only he 
detlected liackwards on the thigh, W'ould render the legs utti rly 
unfitted to be members of support and locomotion in the prone 
position, since in that case the point of support w’ould be, not tlie 
feet, but the knees. Now', independently of the consiih'ration that 
in this easi* the legs and feet w'ould not only bceome useless, hut 
would he an impediment to every act of locomotion, the shortness of 
the thigh would inconveniently limit the pow'er of progression, the 
thin integuments covering the knee-pan would soon hv destroyed 
by the pressure uj)on it, and the knee-pan itself, a loose and de- 
tached bone, would be displaced, and the members totally disabled. 

It would not be w'orth while to insist upon these particulars, 
w'cre it not that some authors, impelled doubtless by the love of 
paradox, have maintained that the prone position is natural to 
man, and the erect position the result of education. 

1C. Man, then, alone presents the characters of a himanom and 
hipvdous animal. The various species of apes, who approach so 
close to him in some respects, differ from him essentially in their 
members, their inferior or posterior members having as much the 
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character of hands as of feet, and their anterior members as much 
the character of feet as of hands. 


In fig. 1*2 is represented the species of ape called the chim- 
panzee, using the anterior member as a prehensile organ. In 



fig. 13 another species of quadru- 
mana is shown, where the conforma- 
tion of all tlui four feet closely 
corresponds with that of the human 
hand, but all tlie four are used for 
support and locomotion. 

It is evident that the mode of 
locomotion to whicli the mixed cha 
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Fig' J,'( — 'J lio 3I.iinh iU. 


racier (»f llu' liand and foot found in the quadruraana is best 
adai)ted, is that of climbing, to W’hich accordingly the monkey 
tribes are more especially addicted, often carrying their young 
clinging round their bodies as they mount. 

In fig. 14, a monkey called the mahi^ a species of lemur, is 
represented in one of its habitual attitudes, carrying its young. 

17. The double pur})ose of prehension and locomotion assigned 
to the members of the quadrumana, and their habitual exercise of 
climbing in pursuit ol‘ their food and for ])rotection i’rom their 
enemies, renders the (jccasional aid of another organ of prehension 
necessary ; such an organ is accordingly supplied them in the 
tail. In lig. 15 is represented the White- throated Monkey thus 
exercising this prehensile action. The same action is common with 
the species called the Coaita, or Spider-Monkey, so named from 
the extraordinary length of its extremities, and from its motions. 
“The tail,” says Sir Charles Bell, “ answers all the purposes of a 
hand, and the animal throws itself about from branch to branch, 
sometimes swinging by the foot, sometimes b}" the fore extremity, 
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but oftener and with greater reach by the tail. The prehensile 
part of the tail is covered with skin only, forming an organ of 
touch as discriminating as the proj>er extremities. The Car ay a ^ 
or black Howling Monkey of Cumana, when shot, is found 
susi>ended by its tail round a branch. Naturalists have been so 



I'lg. 14.— The Maki. 

struck with this property of tlie tail of the Ateles^ that they have 
compared it to the proboseis of the Klephant, and have assured us 
that they tish wdth their tail. 

“ The most interesting use of the tail is seen in the opossum. 
The young of that animal mount upon her back, and entwine 
their tails round their mother's tail, by which they sit secure 
while she escapes from her enemies.” * 

It will be observed that the young one, represented in fig. 14, 
also uses its tail as an organ of prehension, holding itself upon 
the body of its mother by twining the tail round her. 


Bell, On the Hand, p. 20. 
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- 18. But of all the organs to which man owes his superiority, 
that of voice is incontestably the most important. He alone, 
among all cnuited beings, is endowed with the power of j)roducing 
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articulate sounds in infinite variety, and aj>})lying them to the 
exju’eshion of his thoughts, sentiment s, and feelings. Jiy this 
])ower lu‘ is enabled to eommunicate with his kind, to intcir- 
change with tlieni the expressions of kindness and affection, and 
to impart and receive knowledge and information. Great as this 
power is, it is augmented in a manifold 3)roportion by the d(*vice of 
expressing oral stuiiids by 'written or printed characters, liy this 
expedient oral language becomes visible, and is, so to speak, 
perpetuated ; the discourse which is sj)oken or listened to, how- 
ever impressive may be the eloquence of the S3>cakcr, and however 
profound the attention of the hearer, may, and generally does, 
soon fade from the memory, hut language printed or written is 
permanent, 

Liiora scripta manet, 

and may be referred to again and again until the reader renders 
it his own. 

Tlic printed book can he handed down and reproduced indefi- 
nitely from age to age, and those of one generation are thus 
enabled to listen to the precepts and imbibe the counsels of the 
wisest and most virtuous of former times. 
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CHAPTER II. 

19. rbysioal feebleness of man, — 20. His lielpless infancy. — 21. His great 
])ower nevertheless. — 22. Man gregariou.s. — 23. HLs dentile appa- 
ratus. — 24. Wliy nevertheless he uses animal food.-- 25. His migratory 
power and distribution over the globe.- — 2(5. View of liis i)rogress from 
tlie era<lle to the grave. — 27. lUrths, — 28. Cases of two and three at a 
birth. — 29. Births more prevalent at certain seasons. — 30, Proportion 
of the sexes born. — 31. Proportion in the case of illegitimates. — 32. 
Chances of life more favourable fir females. — 33. Organs of sense in 
infancy — the eye. — 34. The voice. — 35. The tones. — 30. Instinct in 
the infant. — 37. Terror of falling. — 38. Milk teetli. — 39. Permanent 
teeth. — 40. Their periods of emergence. — 41. The average height of 
men. — 42. Giants and dwarfs. — 43. Average height of women. — 44. 
The influence of race. — 45. Influence of climate. — 4t5. Hygienic con- 
ditions. — 47. Their effects shown by conscription in France. — 48, Rate 
of giowth from infancy to maturity. — 49. Progressive increase of bulk. 
— 50. Organic changes at puberty. — 51. Organic changes in the bones. 
52. The muscles. — 53. Examples of longevity. — 54. Great mortality 
in infancy. 

19. thus singularly favoured by the possession of reason, 
and by the address and precision oi which the motions of his 
LAiirNER’s Museum op Science. f C5 
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members, and more especially those of the hand, are susceptible, 
is, nevertheless, in some of his physical attributes, immeasurably 
inferior to other animals which correspond with him nearly in 
size. He is neither swift of foot to pursue his prey or fly from 
his enemies ; nor is he supplied with any natural weapons of 
attack or defence, such as those which are found among the 
numerous classes of animals around him. He is not only feeble 
and defenceless, but Nature has refused to provide him with those 
means of protection from the inclemency of the elements, which 
she has so beneficently supplied to those who hold a lower place in 
the chain of organised beings. He has neither the fur of the 
beast, nor the feathers of the bird, to protect him from the rigours 
of temperature, and yet his body is covered with a skin and 
integuments abounding in nerves, which render it ten thousand 
times more sensitive than the skin of any of these creatures which 
Nature has so carefully and tenderly protected. 

20. In coming into the world, he is more helpless and delicate 
than the young of any other creature, and continues for a much 
longer period dependent, not for his well-being only, but for liis 
very existence, upon the assiduous and never-ceasing solicitude 
and tenderness of his parents. 

21. Yet this creature, thus naturally poor, feeble, naked, 
helpless, and defenceless, is the lord and master of the material 
world. By him the strongest is subdued, the fiercest tamed, 
the swiftest overtaken. He cannot rise into the air, never- 
theless he arrests its inhabitants in their flight and brings them 
to his feet. Tie cannot descend into the waters, nevertheless 
he calls forth from the chambers of the deep their tenants, for tlie 
supply of his wants and the gratification of his appetites. His 
body is unprotected by any natural covering, but the boasts of the 
forest and the birds of the air arc compelled to surrender for his 
use their fur, and their plumage. Innumerable textile plants, 
which in their natural state would be unavailing, are adapted by 
his art to supply the materials by which clothing for his body can 
he made in unbounded quantity. Unable to endure the vicissi- 
tudes of temperature and climate, the earth itself is compelled to 
surrender its bowels, and to supply inexhaustible quantities of 
fuel, by which artificial heat is produced to moderate the rigours 
of cold and equalise temperature. He is not swift of foot to 
pursue or to fly, but he tames for his use the swiftest of sub- 
ordinate creatures, V'hich with the most absolute obedience 
transport him where he wills. Not satisfied even with this, his 
inventive powers have created engines of transport which carry 
him over the face of the waters, in spite of opposing wind and 
tide, and over the surface of the land, with a speed which 
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f'xceeds the flight of the swiftest bird and equals the ra 2 )idity of 
the tempest. 

So far, then, from having reason to repine at his helpless and 
defenceless organisation, he is indebted to those apparent defects 
for the greatest of his attainments ; for it is certain, that if he 
had possessed natural organs of defence, attack, and locomotion, 
and natural protection for his body at all analogous to those which 
have been jirovided so generally for the inferior species, he would 
have lost that strong stimulus which has urged him on to such 
stu])endous and almost incredible achievements. Nor is tliis 
ohsLTvation novel. At a much earlier epoch in the progress of 
the hiiTiiau race, and agts before the great discov'eries had been 
made which will render for ever memorable the last liundrcd 
years, (lalen observed, that if man had possessed the natural 
clothing and defence of the brute, lie would never luive been an 
artificer, nor protected himself with a cuirass, nor fabrieat(*d the 
sword or spear, nor invented th(‘ bridle, nor mounted a horse, nor 
hunted the beast. Ni-ither would he have followed the arts of 
peace, nor constructed the pipe and the h're, nor erected houses 
or palaces, nor temides to the gods ; nor would ho have made 
laws, nor invented letters bt" w'hich he would hold communion 
Avith the wise of anticpiity, conversing at one time with Plato, at 
anotluT Avitli Aristotle, and at another Avith Hippocrates. 

22. The possession of the facility of language necessarily 
infers the instinct of sociability, and man cannot live alone. He 
seeks the society of his kind, and belongs to the class which 
naturalists call r/ref/an'ous. The advantages dtTived from this 
habit of association arc infinite ; Avithout it, indeed, man, instead 
of being as he is, the monarch of nature, Avould be amongst the 
most mii?cral)le of animals, and Avould assuredly soon disappear 
from tli(* earth. Hut by association e\x*ry individual strengthens 
and supi)orls others, and is strengthened and supported by them. 
Each cultivating some special faculty or ])ower in a liigher degree 
than his felloAA-s, renders it serA'iccahle to them, and reeciA’'Cs in 
return c‘(juivalcnt scrAices from those avIio have cultivated other 
poAvers in AAdiieh he is deficient; and thus comes into play that 
A^ast principle of material production and social felicity knoAvn as 
the division of labour. 

Like all other gregarious animals, man is naturally frugivorous, 
or made to live on fruit and ATgetahlcs. This is a conclusion not 
resting sohdy ujion the analogy observable between man and 
other gregarious species, but supjiorted by tlie characters of his 
organs of nutrition. The teeth of carni\"orous species (tig. IG) are 
peculiarly formed for tearing and masticating the fiosh Avhich 
constitutes their jiroper food. The canine teeth arc largely 
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(Ifcvoloped, sharp and curved ; and the incisors partake of tlic 
canine character. The teeth wliich occupy the place of molars, 

cdj^ed and sharp, close side by side 
like the blades of scissors. The 
den tile apparatus is thus adapted 
to tear and cut the flesh before 
it passes into the stomach. The 
teeth, on tlie contrary, of frugi- 
vorous animals consist of incisors 
and molars ; the canine teeth ex- 
isting, but so little developed as 
to have no functions diflerent from 
those of incisors. The molars of 
the two jaws, nearly flat at their 
ends, ^ come into direct contact and suj)eri)osition like two mill- 
stones, and the jaws, by a small lateral motion, have the j)owlt 
not only of bruising but of grinding the food between them. 
These operations are all that is necessary and sufficient for vege- 
table, but would be altogether iuai>pli cable to animal food. 

23. Every one will recognise in tlic dentilc apparatus last 
described the form and structure of tlu; human teeth ; and so far 
as they are an index of tlio food adapted to them, it is plain that 
man is frugivorous. 15ut the sairu; eonelusion is further supported 
by an examination of the digestive apj)aratus. 

In carnivorous sj^ecies, the intestine tbrougli which the food 
passes is generally short, its length not exceeding three or four 
times that of the body, while in the herbivorous species it is usually 
ten or twelve, and sometimes (as in the sheep, for exami)le) twenty - 
eight times the length of the body. In accordance with this prin- 
ciple, wc find that the human intestine, like the teeth, is suited 
to vegetable aliment, having a length bearing a proportion to that 
of the body, which is analogous to the internal structure of other 
frugivorous species. 

24. How then, it may be asked, has it happened that man, 
instead of being exclusively frugivorous, is, in fact, omnivorous, 
nourishing himself in differently with vegetable and animal ali- 
ment ? The answer is obviously, that he cannot he nourished by 
animal aliment, unless it be previously prepared by lire. In a 
word, flesh, to be fit for human food, must be cooked. 

25. One of the physical peculiarities which distinguishes man 
from other members of the animal kingdom, is the facility with 
which his organisation adapts itself to dittercnces of climate, and 
tliis is one of the marks which ap])ear to confirm his destiny to 
rule over the whole surface of tlie globe. Placed originally by his 
Maker in a single region, his race has multiplied and diffused 
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itself, manifesting a constant tendency to emigration, and being 
deterred neither by the rigours of the pole, nor the scorching sun 
of the tropics, it has overspread the globe. According to statistical 
estimates, which are considered as exact as such calculations can 
be, it was ascertained that, at the epoch of 1«S40, the total pojmlation 
of the globe amounted to about 737,000000, which were distri- 
buted in tlie following proportions, the number to every square 
league, taking the length of a league as the 2oth part of a degree, 
being given in the second column : — 

I I Popiiiatioii. 'Per iSi], Lcajfuc I 


Kuropo . . . . , , *1 

! 227,700000 j 

472 

Asia . . . . . . 1 

1 390,000000 j 

184 

Africa . . . . . . | 

60,000000 1 

40 

1 America . . . . . . ' 

Oceania, iucliiding the isles of the Pa- 

39,000000 

1 

1 

20 

cific Oc('an, \c. . 

20,000000 1 

37 


The doiisity of the population, indicated in the last column, 
depends more on civilisation and wealth than on climate. Tims, 
it is computed that the number of inhabitants per square league in 
the different states of Europe, are as follows : — 


United Kingdeia ..... 1480 

Fninco ....... 1200 

Prussia ....... 895 

Russia ....... 202 


26. Having taken this rapid view of the physical organisation 
and condition of the human race, let us trace the progress of the 
animal Man from the cradle to the grave. 

27. In general, man comes into the world singly, or one at a 
birth. In certain exceptional cases, two are born, and called 
twins. Tlie cases in which three or more at a birth are produced 
are so extremely rare as not to have received in any language, that 
we are aware of, a distinct appellation. 

28. It appears by statistical returns, that, upon an average, one 
case of twins occurs in 90 births ; and that three at a birth has 
occurred only once in 30000 cases. 

29. Another circumstance, in which the human race is distin- 
guished from inh'rior animals, is the independence of the pheno- 
menon of birth on the season of the year. Animals generally 
produce their young at that season which is most favourable for 
their development. Ohildren are born at all seasons. Neverthe- 
less, in comparing the number of birtlis with the course of the 
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seasons, it is found to be variable, and that its variation lias a 
marked and well-ascertained relation to the course of the seasons. 
It is found generally in the temperate climates, that births are 
more numerous in the three winter, and least so in the three 
summer months. In approaching the colder climates, the epochs 
of the maximum and minimum numbers are later, and in ap- 
proaching the warmer climates carlicir. 

30. The number of cliildren which come into the world is not 
equally sliared between the sexes, the male always predomi- 
nating. 

This fact has been established in all countries wliere statistical 
registers liave been ko])t; and it is remarkable, tliat although 
the numerical proportion between the sexes is subject to some 
variation from year to year, its mean amount in each country 
is nearly invariable, tliough different in one country as com- 
pared with another. Tims, on comjiaring the numbers of male 
and female children baptised in England and Wales during the 
first half of the present century, it is found that the number of 
males invariably (jxcoeded the number of females in a proportion, 
varying from year to year, from ‘25 to 60 per 1000; the mean 
result tak(‘n for the whole period showing, that for every thousand 
girls born, there were one thousand and forty boys. 

In France, acseording to returns extended over 30 yt'ars, ter- 
minating in 1852, it appears, that for every thousand girls there 
were one thousand and sixty-one boys born. Thus the prc]>on- 
derance of male births in France exceeds that in England in the 
proi)ortion of a little more than Gto 4. 

By returns obtained from other countries where accurate sta- 
tistics are kept, it has been found that the preponderance ol‘ 
male births is intermediate between those of England and France, 
the number of males being 1050 for every 1000 females. 

31. A very remarkable fact, indicating some undiscovered 
physiological law, has been developed by the analysis of the 
returns of the registrations of births obtained from France and 
other countries where the most exact statistical records are kept. 
It has been found generally, that in that particular class of chil- 
dren, to which foundlings for the most part belong, the prepon- 
derance of male births is considerably less than in the case of 
marriage-born children. Such a circumstance would naturally 
enough be regarded as merely accidental, if it were not found to 
prevail invariably, at all epochs in all countries where registers 
arc kept with sufficient precision to test the fact, and in all pro- 
vinces of the same country. Thus, for example, while in Franco 
there are lOGO man iage-born boys for 1000 girls, there are only 
1040 boys of the other class for the same number of girls ; and 
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this proportion has been found to be maintained from year to year, 
and equally in different departments. 

bVom a comparison of the births in different departments of 
France, north and south, it has been found that the proportion of 
the sexes born is not alfected by climate, 

32. It must not be supposed, however, that this ratio between 
the sexes continues through life. The chances of life being more 
favourable on the whole to females than to males, the excess 
;::i\’t*n to the latter at birth is equalised before the middle age ; and 
at more advanced ages, the balance turns the otlier way, and the 
Ijmales prcdv)minate. 

33. In coming into the world, the infant can open the eyes, 
Imt physiologists consider that it has no sense of vision, and that 
it is only at the end of some weeks that ifr begins to be sensible of 
vibi])le objects. After this, it directs its looks to objects which 
lire most brilliantly illuminated, or which are characterised by 
tlio most vivid colours. It then, by slow degrees, begins to dis- 
tinguish objfcts around it, but it has b(‘en ascertained that a 
considerable time elapses before it has any idea of distances or 
magnitudes. 

Indeed, this is quite consistent with effects which have been 
found to result iVom surgical operations in which sight has been 
restored to jx rsuus blind from infancy. In such cases, it has been 
stated that the subject of the operation, when first enabled to see, 
imagined that all the objects which he beheld wore in immediate 
contact with his eyes, and had not the least idea of their relative 
distances, nor any other notions of their magnitudes or forms 
than such as were aflbrded by their profiles. Every object, in 
short, appeared as a coloured silhouette in close contiguity with 
the organs of vision. 

31. The other organs equally undergo a progressive improve- 
ment by exercise. During five or six months the infant makes no 
other vocal sound tlian inarticulate cries. It begins gradually to 
be sensible of pleasurable emotions from the contemplation of 
external objects, which are expressed by its smiles. The cries 
gradually assume the tone and character of the voice, and are 
accompanied by incipient efforts at articulation, and towards the 
close of the first year the mure simple monosyllabic words are 
pronounced. 

35. The bones, which at the time of birth consist to a great 
extent of cartilage or gristle, and have no strength sufficient to 
support the body, receive, in the process of nutrition, a gradual 
accession of the earthy constituent called the phosphate of lime, 
which gives them hardness. Contemporaneously with this 
increase of strength in the bones, there is a proportionate growth 
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and increase of strength in the muscles which move them, and 
about the close of the first year this strength bears such a 
relation to the weight of the body, that the child is enabled to 
support itself on its logs, and by gradual practice acquires the 
abilitj’^ to walk. 

36. It is generally assumed that man is distinguished from the 
inferior animals by the* substitution of reason for instinct, and in 
this way it is explained how the young of other animals manifest 
at the moment of birth the possession of powers and faculties, 
which, in the case of tlie young of the human race, are acquired 
only by long practice and slow degrees. It is therefore oona 
tended, that while the young of the lower animals are governed 
exclusively by instinct, the young of man is as excluiively 
governed by reason, the conclusions of which are based upon 
experience. The acts prompted by instinct are performed as 
perfectly at first as at last, and undergo no progressive improve- 
ment ; while, on the contrary, the dictates of reason being based 
upon experience, cannot be issued by the mind until the results of 
that experience, which are their only data, have be(‘n developed. 
It has, therefore, been argued, that the helplessness of the infant, 
and the slow and gradual progress of the exercise of its senses 
and members, must be explained by the total absence of instinct. 
This conclusion, however, it seems cannot be admitted in its 
absolute sense, and observation and experience show that it 
requires considerable qualification. Many eminent physiologists 
impugn it, and Sir Charles Bell has even expressed a doubt 
whetlier the actions of the body, if not first instinctive or 
prompted by innate sensibilities, would ever be exercised under 
the exclusive influence of reason. The sensibilities and motions of 
the lips and tongue are, according to him, perfect at birth ; and 
the fear of falling is manifested by the infant long before the 
results of experience can suggest it. The hand, destined to 
become the instrument not only for the improvement of the senses, 
but for the development of tlie mental faculties, is absolutely 
powerless in the infant. Although capable of expressing pain, it 
is unconscious of the part injured. But the lips and tongue 
immediately betray their sensibility. Later, the infant puts its 
fingers into its mouth to suck them, and so soon as they are 
capable of grasping, whatever they lay hold of is carried to the 
mouth. 

“ The first office of the liand, then, is to exercise the sensibility 
of the mouth, and the infant as certainly questions the reality of 
things by that test, as does the dog by its acute sense of smelling. 
In the infant the sense of the lips and tongue is resigned in favour 
of that of vision, only when the exercise of the eye has improved 
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and ofltTfe greater attraction. The hand acquires the sense of touch 
very slowly, and many ineitbctual efforts may be observed in the 
arms and hn^^ers of the eliild, before it can estimate the direction 
or distance* of objects. Gradually the h‘ngth of the arm, and tin* 

( \t<*nt of its mfitions, become the measure of distance, of form, of 
relation, and perhaps of time. 

t*}7. “Next in importance to the sensibilit}' of the mouth, W(' 
may consider that sense which is early exhibited in the infant, 
the tt'iTor (jf falling:. 

The nurse will tell us that the infant lies composed in her arms, 
while she carries it upstairs, but that it is ag^itated when she 
carries it down. If an infant bo laid upon the arms and dandled 
up and down, its body and limbs will be at rest when it is raised, 
but in descending; it will stru'^g^le and make etlbrts. Here is the 
indication of a sense, an innate feeling; of dangler, and we may 
perceive its intiueiice when tin* child tirst attempts to stand or 
run. When set upon its feet, the nurse's arms forming a hoop 
around it, without touching it, the child slowly learns to balance 
itself and stand ; but under a considerable ai)prehcusion. It will 
only try to stand at hU(*h a distance from the nurse’s knee, that if 
it should fall, it can throw itself for protection into her lap. In 
these, its first attempts to use its muscular frame, it is directed by 
a fear which cannot as yet be attributed to experience. By 
degrees it acquires the knowledge of the measure of its arm, the 
relative distance to wliich it can reach, and the power of its 
muscles. C’liildren are, therefore, cowardly by instinct; they 
show an apprehension of falling, and we may trace the gradual 
eftbrts which they make under the guidance of this sense of 
danger to perfect the muscular sense. We thus perceive how 
instinct and reason are combined in early infancy ; bow necessary 
the first is to existence ; how it soon becomes subservient to 
reason, and how it eventually yields to the progress of reason, 
until obhciircd so much that we can hardly discern its influence.” * 

38. At the moment of birtli, twenty teeth already formed and 
ossitied are deposited, ten in the lower and ten in tlic up]>er jaw, 
but are completely covered by the gums. The mouth is thus 
constituted exclusively for application to the mother’s breast 
iind for tlie suction of milk from it, and the stomach and intestines 
are organised in accordance with this for the due digestion of that 
aliment. The constituents of the healthy milk of woman arc the 
same as those of the body of the child, and enter into its com- 
position in a corres})onding proportion. By the process of digestion , 
tliey are distributed among the several organs of the child's body, 

* Bell, On the p. 233. 

73 



COMMON THINGS — MAN. 


e ach passing to that for whose sustenance and growth it is fitted. 
At the age of from six to ten months, the first teeth penetrate 
through the gum, and towards the end of the second year the 
entire number have appeared. These twenty teeth arc classified 
according to their peculiar forms, as incisors, canines, and molars. 
The incisors are chiselled, the canines pointed, and the molars 
presenting a broad and rough summit. When the mouth is 
closed the molars of the upper jaw corresponding in position with 
those of the lower, rest upon them. Lut the lower incisors and 
canines lie within the edges of the upper ones. In each of the jaws, 
there is, however, space for sixteen teeth, and consequently threo 
places at each side remain unoccupied. 

The relative arrangement of this set of teeth is shown in fig. 17, 
where the incisors are indicated by i ; the canines by c, and the 
molars by M ; the unoccupied spaces being marked " 

The first teeth which break through the jaw, are the middle 

FifT. IT. 


M s M 

\1 \1 


incisors ; those are succeeded in regular succession by the 
lateral incisors the canines c c, and the molars and 

39. This first set of toeth are called the milk teeth, because of 
their emergence from tlie gums at the time when the aliment of 
the child is changed from the milk of the mother to other forms 
of food. Towards the seventh year, these teeth begin to he 
pushed out of the jaw by another set which have been growing 
beneath them. The incisors and canines are pushed out by 
another set perfectly similar in form and name, which take their 
places. The molars are in like manner extruded by four teeth 
in each jaw^ called bicuspids, having an intermediate character 
between incisors and molars. 
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Later still, four molars issue from the ^m in eacli jaw, two at 
each side, oocupyin:; tlio lirst two of the three vacant places 
marked ' m lij:. iT, and at a still more advanced age, two other 
molars issue irom each jaw, lilling the last vacant place marked 
" in the lig. 17. 

Thus, a set of sixteen permanent teeth is established in each 
jaw (fig. 18). The last four molars, which emerge at a period of 
Fig. 18. 


M ^ 

\1 

' M ' 



life much later than the others, have been for that reason vulgarly 
called wisdom teeth. 

40, The periods of the successive emergence of the permanent 
teeth are, according to Cartwright, as follows : — 


Middle incisors of lower jaw (i'), and first 
molars 

Middle incisors of upper jaw , 

Lateral incisors (i-) . 

First bicuspids (s') 

Canines \c) 

Second bicuspids (b-) 

Second molars (M*) .... 
Third molars (m-*) (wisdom teeth) 


AGE. 

5 to 7 

6to 8 
7to 9 

8 to 10 

9 to 12 
10 to 12 
12 to 14 
17 to 25 


41. The mean height of man is about o feet 6 inches, but is sub- 
ject to great variation, not only in the case of individual compared 
with individual, but nation with nation, and race with race. 
Some of the savage tribes of Patagonia, and the inhabitants of the 
Navigator and Caribbean islands, are remarkable for tbeir elevated 
stature, their average height varying from 6 feet to 6 feet 3 inches. 
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On the contrary, the Esquimaux and Bushmen have an average 
height not exceeding 4 feet 3 inches. 

42. If, instead of comparing people with people, indi\ndual be 
compared with individual, still greater departures from the average 
standard are found. Thus, wc liave seen giants which have 
attained the enormous height of 9 feet 6 inches, and, on the other 
hand, dwarfs wliose height did not exceed 2 feet. 

43. Among persons of average height, women arc about a six- 
teenth less tali than men ; hut among people whose average height 
is less than the common standard, such as the Esquimaux and 
Bushmen, there is less inequality between the sexes ; while in 
those of greater average height, such as the Patagonians, the 
inequality is greater. In fact the sexual inequality appears to 
vary nearly in the ratio of the mean stature. 

The inequalities of mean stature observed in comparing people 
with people, depend partly upon race, or partly on the physical 
conditions with which they are surrounded. 

44. The influence of race is more especially apparent when dif- 
ferent people, inhabiting the same country, with similar manners, 
and subject to like climatological influences, arc compared together. 
In Patagonia, for example, where certain nomadic tribes of very 
elevated stature prevail, tlu*re arc others whose stature has about 
the ordinary standard, and at a little distance in the Tierra del 
Fuego, people of low stature prevail. The people of greatest mean 
stature are found chiefly in the southern hemisphere, either on the 
South American continent, or in the several archipelagos of the 
Southern Ocean. 

45. Altliough people of low average stature are found \Ndthin 
the tropics, and in places near the Cape of Good Hope, where the 
climate is sufficiently temperate, it cannot be doubted that a 
rigorous climate is unfavourable to the development of the human 
form, for in high latitudes in both hemispheres the inhabitants arc 
invariably charaeteris(‘d l>y diminutive stature. 

, Moderate cold, on the contrary, is favourable to the corporeal 
development. In France and other ])arts of Europe, where the 
climate is mild, the average stature is less than in the colder parts 
of Europe, such as Sweden, Finland, and even Saxony and the 
Ukraine. 

46. Temperature, however, exercises on the whole less influence 
upon bodily development than the general hygienic conditions of 
a people, and it may be received as a general princii>le that the 
mean stature will be so much the more elevated, and the complete 
growth sooner accomplished, other things being the same, as the 
country inhabited by a people is more fertile and abundant, and 
the suffierings and privations sustained during youth less consider- 
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ahlo. Inniimcrahlc' proofs of this truth may he found hy com- 
])arin;;^ nation "with nation. Ihit it may be rouderod still more 
stukin^ly ajjpartmt by eomparin" together the inhabitants of 
dilli n ut provinces of the same country, or even those ot diilereiit 
diiisions of a lar^o city. 

17. It i^ well known that, by the laws of France, the army is 
rocruiUd bv '‘onscriptioii, in carry iin^ out which nn^ans are iijci- 
dt utiilly suppli('d of ascertaining with ^reat precision the sanitarj’ 
ronditiou ami hodlly dcvclojnnent of the poptihition. The capital 
<•1 that country, containing upwards ot a million of inhabitants, is 
distrihutrd into <juarters, called arrondissemeiits, wliieh differ one 
from aiioth( r in relation to wealth or poverty, even more than do 
the various quarters of Loudon. Thus while in the north-western 
MTondissements misery and want arc rare, in .some others, such ns 
tln' (>th, tlio 11th, and the L2th, they prevail to a ^reat extent. 
In the former, ‘Id in every 100 con.scripts an* found unlit tbr mili- 
taiy service, chiefly because of insufliciont stature, and the remain- 
ing do have an average lieight 5 feet 0?. inches, while in the latter 
<juarters, where ])ovcrty is more prevalent, d2 in a 100 arc rejected, 
and till' remaining dS liave an average height of only d feet 0 inches. 

4S. Stati^tical returii.s sufticiontly exact and regular to indicate 
tlie average jirogressive grow'th of the human body, though rare, 
are not unattainahle. In Belgium, tbr example, where the average 
stature is .somewhat greater than in Franco, it has been found 
that tlie average height of new-born mfants is inches, and at 
file end of the first year it is increased to 27.} inches. 

In the .second year the growth is less rapid, and in every suc- 
ceeding year becomes liss and less so, until the full growth lias 
been attained. The annexed diagram, liowever, tig. 10, will con- 
vey a more exact notion of the mean progressive growth than could 
any mere numerical statements, it is duo to M. Quetolet, to 
whose jdiysical and statistical researches science is otherwise so 
largely indebted. Tin* sueee.ssivc years in the age of an individual, 
from the moiueut of birth to the age of thirty, are indicated in the 
liorizontal line, and the corresponding a\eruge heights iii the 
vertical column. 

It appears, therefore, that at the moment ot birth the infant has 
a stature equal to about 2-7ths, and at three years old, about halt 
of its ultimate height. 

At the moment ot birth, the average height of boys exceeds that 
of girls by about tin' 2()th of an inch, and this difference increases 
with their growth. Nevertheless, the results obtained by M. Uuetelet 
must be received merely as first apjiroximations ; the ob.servations 
and inductions neccs.'.ary to establish general and certain laws being 
much more numerous tluin any which statistical records have yet 
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supplied. It may, however, be assumed that in extreme climates, 
whether hot or cold, the body arrives at its full height sooner 
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than in temperate climates ; in towns sooner than in the country, 
and in plains sooner than in mountainous districts. 

49. The development of the body in bulk is slower than its 
growth in height. A new-born infant has ujion an average about 
a twentieth of tlio weight which it •will ac(piire upon attaining its 
greatest development, which takes place in general for men at 40 
and for women at 50. 

During the hrst year after birth, tlic increment of weight is 
about of all that it will receive during its subsequent existence ; 
and the increase of weight received from the 1 5th to the 20th year 
is even greater than that which is acquired in the first five years. 

50. On arriving nearly at tlie limit of liis stature, the male 
passing from youth to manhood undergoes several organic changes. 
His bones having acquired a larger proportion of the earthy con- 
stituent, have increased strength, his muscles are more developed 
and powerful. His voice losing the feminine pitch which charac- 
terises boyhood, becomes almost suddenly much more grave, and 
his beard is rapidly developed. 

The corresponding changes in the female organism are manifested 
somewhat earlier, and show themselves by external forms familiar 
to every eye. The chest becomes enlarged, the shoulders expanded, 
and the i)elvis acquires greater width, and the forms of womanhood 
become conspicuously visible. In temperate climates these changes 
ore manifested at from 14 to 1C years of age. In warm climates 
they take place at from 10 to 11, and in colder countries are post- 
poned to 17 or 18. 
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51. Growth produces in the -species a somewhat remarkable 
change in the mechanical qualities of the bones. This important 
part of our organism consists of three constituents, fibre, cartilage, 
and the earthy matter already mentioned called phosphate of linn 
From the fibre they derive their toughness ; from the cartilai’( 
their elasticity, and from the lime their hardness and firmiu sh. 
Notliing can be more admirable in the economy of our body than 
the manne r in which the proportion of these constituents adapts 
itself to the habitudes of age. The helpless infant, exposed by a 
thousand incidents to external shocks, has bones, the chief consti- 
tuents of which being gristly and cartilaginous, are yielding and 
elastic, and incur little danger of fracture. Those of the youtli, 
whos(‘ augmented weight and increased activity demand greater 
strength, have a larger proportion of the calcareous and fibrous 
elements, but still enough of the cartilaginous to confer upon the 
solid framework of his body the greatest firmness, toughness, and 
elasticity. As age advances, prudence and tranquil habits increas- 
ing, as well as the weight which the bones have to sustain, tlie 
proportion of the calcareous constituent increases, giving the requi- 
site hardness and strength, but diminishing the toughness and 
elasticity. 

While the bones thus change their mechanical qualities as age 
advances, thc'v diminish in number, the frame consequently having 
fewer joints and less flexibility. The bones of a child, whose 
habits require greater bodily pliability, are more numerous than 
those of an adult, several of the articulations becoming ossified 
between infancy and maturity. In like manner, the bones at 
maturity are more numerous thanMn advanced ago, the same pro- 
gressive ossification of the joints being continued. 

It has been ascertained by anatomists that, on attaining the 
adult state, the number of bones constituting the framework of 
the human body is 198 ; of which 52 belong to the trunk, 22 to 
the head, 64 to the arms, and 60 to the legs. 

52. This wonderful solid structure is moved by a mechanical 
apparatus, consisting of about 400 muscles, each of which is 
attached at its extremities to two points of the body, more or less 
distant from each other, which it has the power of drawing 
towards each other by a contractile property peculiar to it. The^o 
muscles, however, being passive pieces of mechanism, are moved 
as already mentioned by the nerves, while the nerves themselves 
are moved by the will, and here the material mechanism ends, 
and the intellectual or the spiritual begins. 

As age advances, the organs lose their suppleness and elasticity; 
the weight of the body undergoes a sensible diminution ; the 
powers of digestion and assimilation are gradually impaired ; the 
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vital flame decreases in splendour, and flickering in its socket, at 
length, and with apparent reluctance, goes out. 

53. Death, however, by the mere effect of age, is extremely 
rare, being in most cases produced by accidental causes, to which 
imprudence exposes us. Innumerable examples prove to how 
great an extent life may be prolonged beyond its average limits. 
Without citing the extraordinary examples of longevity found in 
the records of the first ages of the world, supplied by the Sacred 
Scriptures, examples sufliciently numerous may be produced 
nearly from our own times. 

One of the most rcmarkahle examples of longevity which modern 
times have presented, is that of a i3oor fisherman, an inhabitant of 
Vorkshire, by name Henry Jenkins, who died in 1(570, at the age 
of 1 57. Peculiar circumstances have incidentally supplied evidence 
of the great ages of this individual, and two of his sons. He was 
summoned on a certain occasion before a court of justice, to give 
evidence of a fact which had occurred 140 years previously ; and 
he appeared before the tribunal attended by his two sons, the 
younger of whom had attained the age of 100, and the elder that 
of 102. Various other examples arc cited of nearly equal 
longevity, but for the most part they refer to times or places at 
which the registers of births and deaths were not kept with such 
regularity as to entitle the statement to confidence. It is, how- 
ever, extremely rare to find an individual who has exceeded the 
age of 100. According to the bills of mortality of the City of 
London, it appears that, of 47000 deaths which took place in the 
ten years ending in 17G2, there were only 15 centenarians. In 
Franco, during tlie three years ending willi 1840, there were 
2,434993 deaths, of which 439 were reputed centenarians, which 
would give a proportion of about 1 in 5500. 

54. One of the saddest spectacles presented by the analysis of 
the general progress and termination of human life, is the vast 
proportion of our race which are swept away in the first years of 
their existence ; a circumstance which can only be explained by 
the care which infancy requires, and the inability of the poor and 
labouring classes to bestow it. It appears, from the statistical 
records so accurately kept in France, that of every 100 children 
horn, 24 die in the first year ; 33 in the first two years ; 40 in the 
first four ydars ; and 50 in the first twenty years. Thus it appears 
that only half the children born in France survive for the purpose 
of the continuance of the race. According to similar records pub- 
lished in England, it appears that 40 in 100 die in the first 5 years, 
and 11 more between that and 20 ; so that the survivors at 20 are 
something less than half the number born. 
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55. The moan duration of life in England and Wales during? 
the 40 years ending with the year 1840, varied from thirty-one to 
thirty-seven years, the variation, however, not being regular, 
and its mean value being thirty-four years. 
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56. A Himilar calculation applied to the population returns in 
France during the JIG years on dirif? with 1852, showed a j)rogressive 
increase of tlio moan rluration of life. During the first eight years, 
ending witli 1821, the mean length of life was 81*8 years, and 
during the last eight years, ending with 1852, it was 36*7. Its 
mean value for the Avhole interval of 36 years being f3‘l*2 years, 
the same as in Knglnnd. 

Now, it will not fail to strike every one that this term of life is 
greatly h('low that which would result from general observation, 
independently of all statistical results. A ])ersoii dying at thirty- 
four would be lamcnt(‘d by all as one taken away i)rematurcly in 
the ])rinie of life. Tliis discrepancy betwetui the results of statis- 
ti<;s .and common observation admits of eas^ explanation. The 
(‘stimate made by common observation is tacitly based upon a 
rough average taken of tlie ag(‘S at which those die who hav(^ 
alri'ady entered u])on the scene of life, and luive been rccognis('d 
by all as racunbors of llie human family. The more exact calcula- 
tions of statistics include rigorously all that are born into the 
world, of whom so largi* a projxu’tion die in tlu'ir first yi^nr ; and as 
we have seen, not l(‘ss than d-lOths in that Utiu of infancy, during 
which they can scarcely be said to be nx'ognised by eomnion obser- 
^■a1iou as i'oniiiiig ])aTt ol the jjopulation. To render the results 
of till! eoin])utati<)n of the absolute duration of life ai)plieMhle to 
the 6-l(Hhs which arrive at the adult state, it will oTily h(' 
necessary to augiiu'iit the computed duration of life in the 
ratio ol‘ 6 to 10. If, therefor(‘, as lias been shown, tlu' actual 
mean duration of life in Fugland and France be 81 yi'ars, 
the moan length of life of those who survive their infancy will 
he 5(> years, which, it is evident, is in complete accordance with 
common observation. 

57. How much the ]>rcservation of life during infancy is dc- 
])endont on parental care, is rendered conspicuously apparent by 
the melancholy fact t*stul)lished by tlu' statistical returns, that 80 
p(‘r eeiit., or four in every five of the children abandoned in France 
as foundlings, die in their lirst year. 

58. The number of children resulting from each marriage is 
found liy the simple method of comparing the total number oi 
annual legitimate births with the total uiimber of annual mar- 
riages. ]>y this process, it appears that the mean number of 
cliildrtn to every two marriages iu France is seven, and in England 
oght, these mean results being subject to a very slight variation 
from y( ar to year, 

50. The human race, as is well known, consists of a considerable 
numlier of varieties, diflering one from another in personal 
appearance, character, language, iu their average degree ol 
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moral and intellectual powers, and in their geograpliical distribu- 
lion. Those whose observations have been mainly confined to 
the extremes oi* form and colour, and who have not relieeted 
on tlio wonderful ehang;cs to which all organised beings are 
subject by Aarious external physical causes, — changes wdiieli, 
wlien oiiee sup(Tinduccd, are transmitted, not only in man, 
but in inbrior animals, and c\eii in plants, through the 
s(>ri( s rt'sulting from reproduction, — have viewed the diliereucc's 
obs( r\ ( d among the members of the human family, not as 
eiiararleristies of so many varieties of a single species, hut as 
manes distinguishing diilereiit sjieeii'S of tlic' sami‘ genus. W(' 
liavc, however, tlie authority of the groatot living observer oi‘ 
nature, as developed in the animal kingdom, in opposition to this 
elieciless doctrine. 

“ The permanence of certain typos, in the midst of most 
o]'])osite iiillueiuH'S,” says Humboldt, “ I'spi eially of climate, ap- 
peared to favour this vieiv, notwithstanding the sbortncvss of tlie 
lime to w’bi<*li the historical evidence applied ; but in iny opinion, 
moiH' ])owerfiil reasons lend thi'ir ’weight to Iht* other side of the 
qiK’stion, and corroborate the unity of tin* luinian race. 1 refer 
to the many interm<*diate gradations of the lint of the skin, and 
tin' term of the* skull, wliich have been made known tons, by the 
rapid progress of geographical science in modern tim(‘s, to the* 
analogies derived from the history of varieties in animals, botli 
domesticated and wild, and to the positive observations collected 
respecting the limits of fecundity in hybrids. The greater part 
of the snp])()sed contrasts, to wdiicb so niiich >veigbt was formerly 
assigned, have disappeared before the laborious investigations of 
Tiedemann on the brain of negroes and of Europeans, and the 
anatomical rescarebes of Vrolik and Weber, on tin* form of tin; 
])elvis. When we take a general view of the dark-coloured 
African nations, on which the wwk of Prichard has Ihrowm so 
much light, and 'when we compare them 'with the natives of the 
Australasian Islands, and 'witli the Papuas and Alfourous, we see 
that a black tint of skin, \voolly hair, and negro features, are by 
no means invariably associated. So long as the wa*stern nations 
were acquainted 'with only a small part of the earth’s surface, 
])artial views almost necessarily prevailed. Tropical lieat, and a 
]>laek colour of tlie skin, appeared inseparable. ^ The Ethiopians,’ 
s lid the ancient tragic poet, Theodectes of Phasclis, * by the 
near approach of the Sun-God in his course, have; their bodies 
coloun d with a dark sooty lustre, and their hair curled and 
crisped by his parching rays.’ Thi‘ campaigns of Alexander, 
in which so many subjects eonincted with physical geograpliy 
were originally brought into notice, occasioned the first 
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discussion on the problematical influence of climate on nations 
and races.^^ * 

Gl. Thus it appears that accord in to the principles admitted 
by the most eminent jjhysiologists and naturalists, whether 
assenting or not to the doctrines of Christianity, there is nothing 
in the natural difFercnces observable between ditferont parts of the 
human race distributed over the globe, which is incompatible with 
that part of the narrative of the origin of mankind, consigned to 
the Hebrew Scriptures, which traces tl\e whole human race to a 
single pair and constitutes them therefore as members of a common 
family. 

62. Naturalists and physical gcograpliers have distributed by 
various classifications these varieties of men, and have generally 
given them the somewhat vague and improper name of races. 
Thus Blumenbach (dassifies them into five races, called the Cau- 
casian, the Mongolian, the American, the Ethiopian, and the 
Malay. Some authorities reduce this number to four, regarding 
the Malay merely as a variety of the Ethiopian. 

Dr. Prichard, on the other hand, classifies the human family 
into seven races, which lie calls . — 

The Irauniaii, 

The Turaiihin, 

The Ainorleun, 

The Hottentots and Bushmen, 

The Ne^irroe.s, 

The Pajiujus, 

And the Alfourous. 

This division is objected to by Tlumboldt, and does not appear to 
have obtained general acceptation. 

63. The Caucasian race (fig. 20), p. 49, in which the population of 
Europe is included, is distinguished by the beauty of the oval form 
of the head and countenance ; by the large facial angle, amounting 
to about 90“ ; by the conseepient upright forehead ; the horizontal 
direction of the eyes; the absence of all projection of the cheeks ; 
fine smooth hair ; and the fair tint of the skin. They arc, however, 
still more remarkable for the high degree of perfection to which 
their moral and intellectual faculties speedily attain ; a quality 
which has rendered tliem the most civilised peo])lc of the globe. 
They occupy all Europe, western Asia as far as the Ganges, and 
the northern part of Africa. They have derived their name of 
Caucasian from the supposition that they came originally from the 
country north of Mount Caucasus, lying between tlie Caspian and 
the Black Sea. Although generally fair, they include various 

* Cosmos, vol. i. p. 352, translation. 
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shades, from the extreme fairness of the red-haired northern to 
the swarthy inhabitants of certain parts of the Spanish peninsula 
and of North Africa, 

64. The Mongol variety (fig. 21) p.G5, differs in several respects 
from the Caucasian. Their face is Hat ; their forehead low, oblique^ 
and angular ; their cheek-bones salient ; their eyes small, and set 
obliquely ; the chin slightly prominent ; the beard sparse ; the 
hair long, straight, and black ; and the complexion a yellow or 
sallow olive. 

The languages spoken by the Mongol variety are extremely 
different from those of the Caucasian, being for the most part 
monosyllabic. This variety is spread eastwards over the countries 
occupied chiefly by the Caucasian races. They arc encountered in 
the great desert of Central Asia, where the Kalmucks and other 
Mongol tribes are still nomadic. Almost the whole population of 
th(; eastern })art of Siberia is Mongo ; but the nation which forms 
the most remarkahlc part of this race is the Chinese, whose vast 
empire -was, of all parts of the world, the first civilised ; although 
the exclusivti spirit of their laws and customs, which has raised a 
barrier between them and the rest of mankind, has kept them 
stationary for ages. 

65. The Malay variety occupies the islands of the Indian Archi- 
pelago, New Zealand, Chatham Islands, the Society Group, the 
Philippines and Formosa, and several of the PolyTiosian Islands. 
They are dark ; have lank, coarse, and black hair ; flat faces ; and 
e5^es obliquely set. In theii' moral and social qualities, they vary 
extremely in different localities ; some being active and ingenious, 
mild and gentle, and considerably advanced in the arts of life ; 
while others are ferocious, vindictive, daring, and predatory. To 
tliis variety are generally referred a considerable part of the popu- 
lation of the extreme north of Europe, such as the Greenlanders, 
Laplanders, Samoides, and Esquimaux. 

66. The Ethiopian variety, or Negro (fig. 22), is characterised by 
his compressed skull, small facial angle, fiat nose, salient jaws, 
thick lips, woolly and crisped hair, and black skin. The habitation 
of this variety is south of Mount Atlas, and is spread over all the 
remainder of the African continent, Madagascar, Australia, Min- 
danao, Gillolo, the islands of Borneo, Sumbawa, Timor, and New 
Ireland. It consists of several sub- varieties, such, for example, 
as the Mozembics, the Bushmen, and the Hottentots. 

67. The American variety is generally characterised by a 
copper- coloured skin, sparse beard, and long black hair. They 
differ extremely, however, one from another ; some tribes mani- 
festing a close analogy to the Mongols, others approaching close 
to the external characters of Europeans ; the nose is generally 
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prominont, like the European ; the eyes being large, regular, and 
disclosed by widely opened lids. 

08. The question of the descent of all those varieties from a 
common origin, is closely connected with the analysis of languages. 
Nothing aflbrds a more convincing proof of identity of origin 
than the discovery of similar forms of expression and tenns, 
having like roots in the tongues spoken by distant people. Ihit 
here,’^ observes Humboldt, as in all fields of ideal speculation, 
there arc many illusions to be guarded against, as well as a rich 
prize to be attained. I’ositivc ethnogra])hical studies, supported 
by profound historical knowledge, teach us that a great degree of 
caution is required in these investigations concerning nations, and 
tlie language spoken by them at particular epochs. Subjection to 
a foreign yoke, long association, the influence of a foreign religion, 
a mixture of races, even when comi^rising only a small number of 
the more powerful and more civilised emigrating race, have pro- 
duced ill both continents similar recurring ])hcnomcna, viz., in 
one and the same race two or more entirely different families of 
languages, and in nations diflering widely in origin, idioms be- 
longing to the same linguistic stock. Great Asiatic conquerors 
have been most powerfully instrumental in the production of 
striking phenomena of tliis nature. 

But language is an integral part of tho natural history of the 
human mind ; and, notwithstanding tho freedom with which tlic 
mind pursues pcrsevcringly, in happy independence, its sclf- 
ehosen direction under tho most difierent physical conditions, — 
notwithstanding the strong tendency of this fn'cdom to withdraw 
the spiritual aud intellectual part of man’s being from the ]iower 
of terrestrial influences, yet is the disentbralmcnt never completely 
achieved. There ever remains a trace of the impression which the 
natural disposition has ri'ceived from climate, from the clear azure 
of the heavens, or from the less serene aspect of a vapour-loaded 
atmosphere. Such iiiflueuces have their place among those thou- 
sand subtle and evanescent links in the electric chain of thought, 
from whence, as from the? perfume of a tender flower, language 
derives its richness and its grace.” 

By maintaining the unity of tlic human species, we at the 
same time repel the cheerless assumption of superior and inferior 
races of men. There are families of nations more readil}'^ susceptible 
of culture, more highly civilised, more ennobled by mental culti- 
vation than others, but not in themselves more noble. All arc 
alike designed for freedom; for that freedom which in ruder 
conditions of society belongs to individuals only, but where states 
are formed, and political institutions enjoyed, belongs of right to 
the whole community, “If,” saj's AVilhelm von Humboldt, 
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“wo would poiut to an idea wdiicli all li i story iiu’ou*;liout its 
course discloses as ever establishinp^ more lirmly and cxteiidini^ 
more widely its salutary empire, — ^if there is one idea whick 
contributes more than any other to the often-contested, but still 
more ofUm misunderstood, perfectibility of the whole human 
species,- — it is the idea of our common bum anity tending to remove 
th(i hostile barriers which prej udices * and ])artial views of every 
bind ha\e raised i)etwei‘n men ; and to cause all mankind, wdtliont 
distinction of religion, nation, or colour, to be regarded as one 
greot fratiTiiity assuring tow^ards ont‘ common end, the free 
devt'lo])ment of their moral faculties. This is the ultimate and 
liigiu'ht ohjeet of society ; it is als(» the dinction implanted in man’s 
nature, leading towards the indefinite expansion of liis inner 
being. JI(‘ regards the earth and the starry lu'avens as inwardly 
his uwn, given to him for the exercise of his intellect iial and 
physical activity. The child longs to pass the hills or the waters 
which surround his native dw'elling, and his wish indulged, as 
tlie bent tree' springs back to its first form of growth, he longs to 
rc'turn to tin- liome wliieh he had left ; for by a double aspiration 
after the unknow’ii future and the nnlorgotteii past, after that 
which he d( sires and that wTiich he lias lost, man is preserved by 
a beautiful and touching instinct from exclusive attachment to 
that w'liieh is present. I)eei>ly rooted in man’s most innate 
nature, as w^ell as commanded by bis highest tendencies, the full 
recognition of the bond of humanity, of the community of the 
W’holc human race with the sentiments and symjiathies which 
spring therefrom, becomes a loading iirineiple in the history^ of 
man.” * 

69. AVlieii Ave come to trace the conduct of man as an individual 
member of the social body" and to connect it Avilh Ins jihysical 
organisation, ^Yii tread upon the interesting ground wliieh forms 
tlie coniines hetw^een the legitimate territories of the pliysiologist 
and psychologist, betAveen the proAunces of the natural philosopher 
and the theologian; and however closely our vocation and habi- 
tudes have attached us to the contemplation and investigation of 
mere ])hy^sical law's, Ave cannot forbear to throw a passing glance 
into the spiritual Avorld. 

70. Man’s nature, according to the admission of all, is a com- 
pound of the matcTial and the intellectual. According to some, to 
Avhom, on that aci'ount, the name of materialists has been given, 
the intellectual is a mere function or property of tlie material part 
of onr nature. According to others, the intellectual is a function 
of a spiritual essence, which is independent of our material organi- 


Cosuios, traaslatiou, p. 354. 
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sation, though inseparably connected with it during human life. 
The name of spiritualists has, accordingly, been given by contra- 
distinction to the latter. 

71. Our nature being thus compound, let us see how far we can 
trace the connection between its mere physical part and the 
thinking and intelligent principle which abides in it. 

72. There is a principle called in metaphysics personal identity, 
which consists in the internal consciousness by which each 
individual knows his past existence, so as to be able, with the 
greatest certainty of which the judgment of our minds is sus- 
ceptible, to identify liiinself existing at any given moment with 
himself, existing at any former time and place. Nothing in 
human judgment can exceed the clear certitude which attends 
this consciousness. The Duke of Wellington, on the eve of his 
death at Walmer, had an assured certainty that he was himself 
the same individual intelligent thinking being, who, on the ISth 
of Juno, 1815, commanded at Waterloo the allied armies. Now 
to what, let us ask, did this intense conviction and consciousness 
of identity apply V What was there in common between th(i 
individuals who died at Walmer and who commanded at Waterloo? 
The reply to this question will require that we shall recur for a 
moment to our physical organisation. 

73. The human body consists of bones, flesh and blood, each of 
which is, however, itself a compound substance, and the whole is 
impregnated in a large proportion with water. Thus, the qunntity 
of blood in an average body is 20 lbs., of wliich 15 lbs. arc* water, 
the other 5 lbs. consisting of those material constituents which are 
necessary for the suj)ply of the growth or the repair of the body. 
The flesh, commonly so called, is pervaded by blood-vessels, and 
therefore, strictly sj)eaking, is a combination of flesh and blood. 
In like manner, the bones arc pervaded to their very centres by 
innumerable blood-vessels, so minute as to be microscopic, by 
which their growth is supplied and their W'aste repaired. Taking, 
however, the terms flesh, blood, and bone in their proper meaning, 
excluding from each the water with which it is impregnated, and 
excluding from the flesh and bone the blood which pervades them 
respectively, the material constituents of an average human body 
may be thus stated : — 

Bone 14 lbs. 

Flesh and blood . . . .24 

Water IIG 

The bone, when submitted to analysis, is shown to consist of 
certain earthy matter, the chief part of which is lime and a 
substance called gt latine ; this gelatine itself being a compound, 
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one half of which is pure charcoal, called by chemists carbon y and 
the other a combination of the gases which constitute common air 
and water. From this analysis it follows that, in round numbers, 
the 14 lbs. of bone which enter into the composition of the human 
body, omitting minute fractions and insignificant quantities, 
consist of 10 lbs. of lime, 2 lbs. of charcoal, combined with 2 lbs. 
weight of the gases just mentioned. 

A similar analysis of flesh and blood shows that they consist, in 
nearly equal ])arts, of charcoal and the same gases, so that the 
24 lbs. weight of these substances which enter into the composition 
of an average bod}', are resolved into 12 lbs. of charcoal, combined 
with an e(jual weight of ilie gases already mentioned. 

Thus, ill fine, the ultimate materials of the average human body, 
are 14 lbs, of charcoal and 10 lbs. of lime, impregnated with 
11(3 lbs. of w'ater, and 14 lbs. weiglit of the gases which form air 
and water, tJiatis, oxygen^ nitrogen y and hydrogen. 

74. Now those w'ho think that the intellectual principle residing 
in the human body is nothing more than a quality or a property 
arising from the matter composing it, must be able to imagine 
how 14 lbs. of charcoal, 10 lbs. of lime, and llGlbs. of water can be 
so mixed up with 14 lbs. of air as to make a material thing — 
machine lotus call it — which can feel, think, judge, remember, 
and reason. Let us try to imagine, for example, the possibility of 
such a mass of charcoal, lime, and water discovering the existence, 
position, and motion of the planet Neptune before it was ever 
seen ; of ascertaining the i>eriodicity of the planetary inequalities, 
countless ages before many of these inequalities had passed 
through one of their periods ; of inventing the printing press, the 
ship, the steam-(‘ngine, and the electric telegraph ; of composing 

Paradise Lost ; ” of producing the Transfiguration and the 
Antinous, or of designing the Parthenon ! 

But it will be answered, that the power of intelligence is 
ascribed not to the mere inert materials of the human body, but 
to their organisation. What, then, is organisation ^ Let us not 
be misled by a long and learned word. Organisation is, and can 
be, but some particular way of arranging the parts of which any 
thing is composed. Thus, a given number and weight of stones 
may be arranged in a thousand different ways, so as to compose as 
many difierent structures, but each such structure is still a mere 
mass of stone. It is true that the simple material elements which 
we have enumerated above may be, and are, curiously combined 
and arranged, so as to produce the human body. But after this is 
accomplished, we are left as far as ever from any explanation as 
to how the mere arrangement and peculiar juxta-position of the 
material atoms, thus composing such a body, can produce the 
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prodigious powers of intellect wliich have been developed in the 
history of the progress of the human mind. 

7d. But even admitting a supposition apparently so impossible, 
the question of personal identity, wliich we have referred to- 
above, will raise an insuperable objeidion to it. Physiologists 
and anatomists ]ia\e jiroved that the matter which composes 
our bodies is subject to continual change. Every part of our 
organisation, evon to the innermost cores of our bones, is 
siiliject to this ncAan-ceasing jnoccss of mutation. The food 
■which we take into our stomachs contains, combined with 
some otlier matters, all the constituents necessary to compose our 
bodies. In the ])rocessof digestion, those ])arts which are unsuited 
to our bodies arc rejected, and the several suitable parts passing- 
into tin* blood, arc carried by it through the circulating apparatus 
to all parts of the S3’btcm ; to the bones, as well as to tlu' ll<;sh 
and softer parts ; the peculiar constituents necessary for tlie 
maintenance of each part respectively being deposited there in the 
proper proportion, and the waste carried awa)'. This process of 
constant renovation and removal of used-up matter — of otfal, as 
it -were — goes on capially tliroughout the boiujs as throughout the 
softer parts. Now, it will be evident that, in such an unceasing 
process of rt jection and renovation, the entire mass of matter 
comiiosing the bod^' must in a certain period, longcT or shorter, 
undergo a complete cluingc, so that, corporeally speaking, an indi- 
vidual, at any given period of his life, has not in his entire compo- 
sition a single material atom which he had at a certain pn-vious 
period. It wastlic ojiinion of former anatomists and jihysiologists, 
tJiat tJie bod^" undergoes this complete change of thtj matter com- 
posing it every seven yc'ars ; but more recent and exact observations 
and calculations, founded upon rigorous aiial^’sis of the phenomena 
of digestion, circulation, respiration, and other less important 
functions, have proved tliis estimate to err by excess. 

The 116 lbs. wciglit of water wdiich forms three-fourths of the 
matter composing our bodies, is rejected with great rapidity 
in respiration, transpiration, and natural discharge. The 
carbon is expired with each action of the lungs in large quan- 
tities, combined with oxygen, another constituent of our bodies, in 
tlu‘ form of carbonic acid. The lime csca])ing in other -Nvays 
is rejected from our bones, and replaced by a fresh supply. 
'I’here is not a movement of the bod\’, whether voluntary or 
involuntarj' ; not an action of a member, a muscle, or a nerve ; 
not a pulsation of the heart or of an artery ; not a peristaltic 
motion of the intestines, which is not the proximate cause of 
the rejection of used-up matter and the demand for a fresh 
supph" from the digestive apparatus, just as in a machine the 
90 
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wear and tear of the parts is proportional to the force and con- 
tinuance of their motions. 

76. Although the rapidity with which the materials of the* 
body are thus changed varies in comparing one individual wit]', 
another, according to their varying habitudes and oceupation", it 
appears that a total change of the material constituents ol tin* 
body takes jdacc within an interval much shorter than was 
supposed by the early ])hysi(dogists. According to some autho- 
rities, the av<‘rage h'ligtli of this interval does not exceed thirtv 
days. It is, however, generally agreed that it is a very brief 
period.* 

77. Tills th(‘n being the case, let us again ask what is it that 
was identical in the i)uke of AVellington dying at Walmcr in Sept. 

with the Duki* of Wellington conimaiiding at Waterloo in 
Jnnt', IHlo V Assuredly it w'us not possible that there should 
lia^e been a sinj-J^' particle of matter common to liis body on tbc 
two occasions. The interval consisting of thirty-seven years and 
two months, the entire mass of matter composing his body must 
have uiidergniie a coui])b‘to change several hundred tinu's — yet 
no one doubts that there was somethinf/ there which did not 
und('rgo a ebange except in its relation to tbc mutable body, and 
which possessed the same thought, memory, and (‘onseiousness, 
and c^()nstjtuted the personal identity of the indi\idiial ; and since 
it is as demonstrable as any proposition in geomidry that that some- 
ihinij which lluis abode in the biKly, retaining the consciousness 
of the past, could not have been an atom, or any number of atoms, 
of matter, it must neces.sarily have been something not matter, 
that is to su}', si)mcthiiig spiritual, 

irabitiiatcd for so long a ])eriod to the rigorous logic of jdiysics 
and matlu'iriatics, I confess I can sec nothing in its results more 
conclusive than this proof of the existeuee of a spiritual essoiiee 
connected with tlu* Inimaii organisation. At this point, however, 
the support which the jiliysical inquirer can oiler to the theologian 
terminates. If there is nothing in the disorganisation of the 
human body and the phenomena of death to demonstrate the 
simultaneous destruction of the sjiiritual principle, the existence 
of which is thus eslahlished, there is, on the other liaud, nothing 
to prove its continued (‘xisteuce, and for that w^o are thrown upon 
the resources of revelation, and this might indeed have been 
foreseen ; for if the continued existence of the spirit, or, in other 
words, a future state, were capable of demonstration by the 

* V e are not a^ are of any dissentient from the complete periodical 
change of matter composing the body, except Profes.sor Milne Edwards, 
who, without absolutely ilenying the principle, thinks that it has not been 
satisfactorily demonstrated. 
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ordinary faculties of the mind, it would have been incompatible 
with the divine economy to have rendered it the subject of 
revelation. God docs not suspend the laws of nature to reveal by 
miraculous means tliose truths wliich are discoverable by the 
exercise of our natural faculties. 

78. As the motions and chanp^cs produced upon inert matter 
arc physical and mechanical, so human actions are moral and 
intdlectual ])henomona. Jiy duly comparing together the former, 
we arc enabled to arrive at generalisations which are the expres- 
sion of laws, tlio knowledge of which enables us to foresee, \vith 
certainty and precision, how any proposed bodies will comport 
thcmsi'lves at any future time, and in any given place, under 
given conditions. It might, therefore, be naturally expected that 
the moral and intellectual phenomena of Imman actions, coining 
as truly witliin the range of natural facts as mere physical 
l)henomena, could be equally classified and generalised, and that, 
consequently, natural laws might be equally establisht^d, by the 
knowledge of wliich this latter class of phenomena could, under 
given conditions, ho predicted as clearly and certainly as the 
former. 

7b. An essential difference, however, between the two classes 
of phenomena renders a corresponding distinction in the expres- 
sion of the general laws to which they are subject, necessary. 
Bodies consisting of mere inert masses of matter arc susceptible 
of no motion save wliat they derive from the operation of external 
forces ; and when such forces an* given, their effects can bo 
calculated and predicted. But tlic moral and intellectual phe- 
nomena here referred to, jiroceed from an internal and spontaneous 
act of the will of the individual, which cannit be kiown ante- 
cedently by the individual himself, and still less by others. The 
will also being absolutely free, the individual may, under given 
conditions, act in any conceivable manner ; and consequently, as 
regards such an individual, the actions cannot be reduced like 
physical facts to a general law. Men being thus free agents, and 
their actions being subject to impulses arising from characters, 
temperaments, passions, surrounding excitements and personal 
circumstances infinitely various, it might naturally be expected 
that the record of the actions of any large society of individuals, 
such as the po[)ulation of a city, province, or country, would 
present a confused and heterogeneous mass of facts altogether 
unsusceptible of rule, law, or generalisation ; and that, conse- 
quently, such record preserved of the past would throw no light 
whatever upon the probable future of the conduct of such a 
multitude of free agents. 

60. Careful and accurate analyses of the acts of men, so far as 
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they have been registered in public records entitled to confidence, 
prove, however, that such is not the case ; and that although they 
individually act with perfect freedom of wiU, yet their acts 
collectively conform to laws scarcely less rigorous than that ol 
gravitation, and that, consequently, although the freedom of 
individual will renders it impossible that the individual acts can 
be predicted, the same impossibility is not at all applicable to collec- 
tive acts. On the contrary, statistical records prove incontestably 
that acts which, taken individually, cannot ibr a moment be 
doubted to ])rf)eeed from the impulses of a free and independent 
will, tak(*n collectively, recur with as much regularit}' and pre- 
cision ns tlic fall of a heavy body by gravitation. It is true that 
such acts, when classified and generalised, give average results 
Irom which the individual cases depart more or less on the one 
side Ilian on the other ; but this is no more than takes place with 
the physical phenomena of inert matter, all of which oscillate 
round a mean state, the departures from which have received the 
name of perturbations. In moral and intellectual, as well as in 
physical and mechanical phenomena, there are also perturbations, 
hut, like the latter, these are also conlincd witliiri narrow limits. 
The sole difference in the two classes of natural effects being, that 
in tlie one case the condition of bodies may be predicted indi- 
vidually, ^\hile in the other it can only be predicted eollcetively. 

81. T hose who have prosecuted their researches most exteu- 
sivedy in the modern science of Statistics, have proved that the 
effects of the free will of individuals composing large societies 
completely neutralise each other, and that such communities taken 
collectively act as if the whole body had by common consent agreed 
to follow a certain prescribed course of conduct, not only in 
matters which might be imagined to be more or less of common 
interest, but even in those in which no feeling could be imagined 
to be engaged, save the will, taste, jiersonal inclination, or even 
caprice, of the individual. 

82. There is, perhaps, no act of our lives which so exclusively 
concerns and interests us personally as that of marriage. Although 
parents and friends must he admitted to exercise more or less 
influence, yet, in the main, indmduals of the diflerent sexes are 
united together liy their personal choice and inclination. This 
being the case, it might be imagined that the frequency of 
mari’iagcs, and the relative ages of the parties contracting them, 
would be as various as the tastes, feelings, inclinations, and 
])ersonal characters of the individuals composing the community. 
Yet we find that such is not the case ; hut that, on the contrary, 
not only the frequency of marriages, but the relative ages of the 
parties contracting them, are subject to laws quite as rigorous as 
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those which govern tlie motions of the solar system. Thus wc 
Hiid, that in the same country, in a series of successive years, the 
same average numher of marriages are contracted, the departures 
from the average being, like the planetary inequalities, small and 
self- compensatory. If there is a small excess in one year above 
the average, there is sure to be a corresponding deficiency in 
another. 

Thus, for example, in England and Wales during the five years 
from 1810 to 1841) inclusive, the average number of marriages 
was 142800, and the actual number in <‘ach year varied from this 
average' by not more than a few hundreds. In 18ol and 1852, 
witli ail increased population, the average inimbor was increased 
to 150000, from which the variations were ctjually inconsiderable. 
In countries, however, where statistical regist(Ts are kc‘pt with 
more circumstantial precision than in England, results atlbrcliiig 
more striking illustrations of these principles ma}' be obtained, 
in Hclgium, for example, to the statistics of which the labours 
and talents of M. (luctelct have been directed, some very rennark- 
abl(‘ circumstances bearing on this question have be(‘Ti develojiod. 
Thus, it appears that, for a series of years before and after 1840, 
the averag(- number of marriages contracted in that country was 
20100. How completely obedient the population was in the 
fulliluiont of this statistical law, may b(‘ se<’n by the following 
exact number of marriages contracted in the live years succeeding 
1840:— 
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Thus it appears that in 1841, 1841, and 1845, the number of 
marriages exceeded, while in 1842 and 1840 they fell just as far 
hbort of the average j just as the velocity of a planet near its 
perilieliou exceeds, and near its aphelion falls short, of its mean 
motion. 


S3. Hut this is neither tlio only, nor by anj' means the most 
remarkable, example of tli(' play of general laws in human actions, 
which, of all others, must he admitted to be tlu' most comjjletely 
voluntary. Thus, for example, when a man of 30 chooses a wife 
above GO, he can scarcely he imagined to he controlled by the 
induence of parents. Yet it appears that the frequency of such 
marriages is as regular as the annual motion of the sun. Take 
the following examples. In Belgium, tlic average number of men 
not above 30 marrying women above GO annually is G, and the 
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departures from this either way is usually limited to o or 7. If in 
one year there arc 7 such marriages, it is sure to be preceded or 
followed immediately or mediately by another year in which the 
number is only d. Again, the number of men between dO and 1,3 
eontraeting marriage with women above GO is annually 18, sulijc el 
to a small occasional variation one way or the other. In the same 
way, it appears that tlic number of men from 45 to 60 marrying 
women above 60 is annually 27. 

Tlic same re gularity is found to eharactcriso the number cd mar- 
riages between couples -withiii any other pri'scribed limits of com- 
])arative aire. ' 

81. I'lie number of children resulting from each marriage cannot 
be considered as de})ending on wdll. But assuredly the calling into 
ihe world of illegitimate cluldnm must be admitted to hav(i tbe 
character of a voluutary act ; yot it is found, that in each eountiy, 
the annual number of illegitimate children bears a Jlxed ratio to 
the number of marriage-born. In France and lU lgiiim this ratio 
is 1 to Id. Jn England the ju'oportion is lound to be exactly the 
same, and this appears to occur, from year to year, in both 
countri('s with all the regularity of jilysieal law. 

85. Tlie statistics of crime being esp(‘cially susceptildo of exact 
recoi’d, 1 uiy(' been submitted to the same careful examination by 
M. (luetelet, from whose researches it appeal’s, that in the same 
country the same number of crimes of the same description are 
committed annually ; and this curious result is found equally to 
attend those classes of crimes which it would seem most impos- 
sible to foresee'. But, connected >vith tliese criminal statistics, 
there is a circumstance still more curious and remarkable. It 
necessarily happens, in the administration of criminal justice, 
that, through the want of sagacity in tlic examining magistrates, 
and a multitude of fortuitous circumstances surrounding the 
accused, a considerable number of guiltless persons arc brouglit 
to trial. Now, will it be believed, that such is the prcvaleiico of 
general laws, that even in tliis class of moral phenomena, founded 
on the results of fallible judgment, a rigorous law prevails, and 
wc find that, in each country, the proportion of persons cliarged 
with ofibnees who aie acquitted, is from year to year the same 
Thus, for instance, in France, 39 in every 100 of those accused 
are as regularly acquitted as if the decisions of the juries w'cre 
made by putting f>l black balls and 39 white ones into a box, 
and deciding the fate of the criminals by ballot. 

86. It is not only, however, voluntary acts which arc Subject 
to this numerical regularity. (Collectively speaking, persons re- 
member and forget certain things with as much regularity as if 
memory and attention were the result of wheel-work. A very 
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common instance of forgetfulness is presented by persons posting 
letters without any address written upon them. The number of 
times this act of ohliviousness annually happens is known with 
the greatest precision, inasmuch as such letters are transferred to 
and recorded in a bureau specially devoted to the purpose in each 
post-oflicc. Now, it is found by the Post-Office returns in England 
and France, that th(‘ number of these unaddressed letters in each 
countr}^ is almost exactly the same from year to year. In London 
the number of such letters is about 2000, being at the rate of above 
6 per day. 

But (!onnccted with this is another circumstance equally re- 
markable. A certain proportion of tliesc letters is found to contain 
money and other valuable enclosures ; and, like the whole number, 
this proportion is also invariable. 

87. The conclusion at which wc arrive then is, that the great 
principle in virtue of which the Author of nature carries out His 
purposes by the operation of general laws is not, as it would 
first appear, incompatible with the freedom of human agency, 
and therefore wdth man’s moral responsibility. The same 
character of generality attaches to the laws which govern the 
moral and intellectual phenomena of liuman actions, considered 
collectively, as those wliich attach to mere pliysioal ])henomena. 
But these laws not being applicable to human actions, considered 
individually, leave free will and moral responsibility inviolate. 
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Fig. 15. — Simple Microscope. 


MAGNIFYING GLASSES. 

1. Magnifiers intermediate between spectacle^glasses and microscopes. — 2. 
Variously mounted. — 3. Extensive use in the aits. — 4. Their magni- 
fying power explained. — 5. Visual magnitude. — 6. Standard of visual 
magnitude. — 7. Didllince of most distinct vision. — 8. Visual magni- 
tude at ten-inch distance. — 9. Magnifying power of a convex lens. — 
10. Effect of the same lens with different eyes. — 11. Superficial and 
cubical magnifying power. — 12. The eye to be ])laced close to the 
lens. — 13. Magnifying jiower depends on focal length. — 11. F'oeal 
length depends on convexity and materials of lens. — 15. Lenses of 
different materials. — 10. Spherical aberration less with a greater 
refracting material. — 17. Diamond lens. — 18. Magnitude of lens 
greater with more refracting material. — 19. Advantages of gem lenses. 
— 20. Superseded nevertheless by the improvement of compound micro- 
scopes. — 21. Magnifiers for reading. — 22. For miniature-painters and 
engravers. — 23. For watch-makers, jewellers, &c. — 24. Sujjports for 
these. — 25. Pocket magnifiers. — 26. Coddingtou lens. — 27. Doublets. 
— 28. Their optical effects. — 29. Their advantages over single lenses, 
— 30. Method of mounting them ; triplets. — 31. Mounting of hand- 
doublets. — 32. Method of mounting doublets of high pow'er for dissec- 
tion and similar purposes. 

1. Magnifying glasses hold an intermediate place between the 
spectacle glasses, used by 'weak-sighted persons, and the micro- 
scope ; and when they possess considerable magnifying power, they 
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arc sometimes called simple microscopes ; but the term microscope 
is more generally applied to that class of optical instruments which 
consists of a combination of lenses, which arc applicable to tho 
examination of the most miiiiite olyects, and with amplifying 
po\^rsmucli mon' extensive. 

2. Magnifiers are very variously mounted according to the uses 
to which llKij are appli('d. The more simple forms, and those 
whicli liav(‘ tijc least amplifying pow(T, consist of a single lens, 
which is either coll^'ex on both sides, or plano-convex, or which 
may be concave on one side and convex on the other, provided tho 
convexity be greater tliaii the concavity. In hue, whatever be its 
form, it is essential tliat convexity shall prevail. 

3 . These glasses arc of very extensive use in the arts. In 
all cases in wliicli the obj(‘ots operated upon are minute, the inter- 
position of a magnifier is found advantageious, and often indis- 
pensable ; thus, they are invariably used in difierent mountings 
by watch-makers, jewellers, miniature-painters, engravers, and 
others. 

4. To render our explanation of these very convenient instru- 
ments intelligible, it will he necessary that the reader should be 
previously more or loss familiar with what has been already ex- 
plained in our 'tracts on the Eye, on Optical Images, and on Spec- 
tacles ; we shall, therdori', take for granted, that the contents of 
these Tracts are known to the reader. 

We know no sul)j(‘ct resp(‘cting wdiidi more incxacd and erro- 
neous notions prevail, than tlie amplification or magnifying cflect 
produced by all optical combinations, from the simj)ie convex lens 
to tho most ])owerhil microscope. The chief causci of all tliis con- 
fusion and obscurity may he traced to a neglect of the proper dis- 
tinction between visual and real magnitude. Tlie eye, as has been 
already explained, takes no direct cognizance of real magnitude, 
which it ('an only estimate by inference and comparison with the 
impressi'Ois of the sense of touch ; these inferences and compari- 
sons being often attended with complicated calculations and 
reasoning. If a proof (»f this be required, it may he found in the 
universally ohscTvable fact that objects which have the same 
visual magnitude oi'teu have real magnitudes enormously diffe- 
rent ; thus, for cxam])le, the apparent or visual magnitudes of tho 
sun and moon arc, as every one knows, equal ; yet the real 
diameter of the sun is more than 400 limes that of the moon. 

5. It must he reincmhered that visual magnitude is determined 
by the divergence of lines dj’awn from the eye to the extreme 
limits of the object; it is measured, therefore, not like real mag- 
nitude ])y miles, feet, and inches, but by degrees, minutes, and 
seconds ; thus, while the real diameter of the moon measures 
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ahoiii 2000, and that of the sun about 887000 miles, the visual 
diameter of the one and the other measures about half a degree. 

Tlio magnitudes of obj(‘Cts, as they appear with magnifying 
glasses, are all visual and not real. When an objt'ct seen by the 
interposition of such an instrument is said to be magnified so many 
times, it is therefore meant that it is so many times greater than 
it would be if the same object wore seen Avith the naked eye ; but 
sinee it lias been shoAvn in our Tract on the (‘ye, that the visual 
magnitude of the same object seen with the naked eye varies, being 
greater us its distance from the eye is less, it folloAvs, that the visual 
magnitude seen Avith the naked eye is au indefinite and variable 
staiidai’d, and in order that the visual magnitude of an object 
taken aN the standard of magnifying ])OAver should bo definite, it 
IS necessary tliat the distance at Avhich the object is supf)osed to be 
view^.-d by tlie naked eye should be stated. When, hoAvever, a 
person Avi thou t auy proAdous seientifio iiistruelion vit‘AV's au object 
Avith a magnifier, he becomes instantly conscious of its amplifica- 
tion ; that is, that it appears larger than it Avouhl appear if ho had 
Adewed it without the interjmsition of the magnifier. The (jnestion 
is then, at Avhat distance from his eye such a piu'son would sup- 
pose the object to he looked at Avithout the magnifier ; and the 
reply which has heem generally given to this question is, that he 
Avould suppose it to he viewed at that distance at which ho would 
sec it most distinctly. 

0. This being admitted then, microscopists have generally agreed 
fhat the visual magnitude vicAved with the naked eye, wliicli should 
he taken as the standard of comparison in expressing the effect of 
magnifiers, is that Avhich the object would have when viewed at the 
distance at Avhich objects arc most distinctly seen. 

7. Iluthere another difficulty arises. In the first place, the dis- 
tance at Avhieh one individual can s(‘c an object most distiiLCtly is 
not the same as that at which another will sec it most distinctly ; 
thus, while a lar-.sightod person will see most distinctly at the 
distance of 1 o or Ifi inches, and cannot see at all at the distance 
of r> or G indies, a near-sighted person will sec most distinctly at 
the latter distance, and only confusedly and indistinctly at the 
former. But even the same individual Avill see the same object 
most distinctly at one distance when it is strongly illuminated, 
and at a much less distance Avhen it is feebly illuminated. 

The distance of most distinct vision is therefore a variable and 
uncertain standard of comparison, 

8. But there is one^ thing which is perfectly definite and cer- 
tain. The visual magnitude of an object, at a given distance, 
is always the same, and quite independent of the powers and qua- 
lities of the eye which views it; it may, or may not, be distinctly 
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seen, or seen at all ; but if seen, it can have but one visual magni- 
tude. llius an object, such as a coin, placed with its surface at 
right angles to the line of sight, at a distance from the eye equal 
to 10 times its own diameter, will have a visual diameter of 5| , 
and neither more nor less, no matter by what eye it is viewed. 
Seeing, then, that tlie distance of most distinct vision varies witli 
different observers, and even with the same observer under diffe- 
rent circumstances, and cannot therefore be taken as a standard 
of reference for visual magnitude, it has been generally agreed 
that magnifying powers shall be arithmetically expressed, by refe- 
rence to visual magnitudes seen at 10 inches distance. Thus, if 
we say that such or such a magnifier magnifies an object three or 
four times, it is meant that it exhibits that object with a visual 
magnitude three or four times as great as that which the same ob- 
ject would have if viewed with the naked eye at 10 inches distance. 

This distance of 10 inches has not been selected arbitrarily. It 
is considered to be about the distance at which average eyes 
would see an object most distinctly. It has llie further conve- 
nience of lending itself with facility to calculation by reason of 
its decimal form. In other countries, the same distance very 
nearly has been adopted as a standard. Thus, French microsco- 
pists take 25 centimetres, which is a very small fraction less than 
10 inches, as their standard. 

9. This conventional standard being accepted, let us see in 
what manner an object is made to appear magnified b}' the inter- 
position of a single convex lens. 

Let li E fig. 1, represent a section of the eye, and o o' a small 
object placed at a much less distance from the eye than is coni- 
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patible with distinct vision. According to what has been ex- 
plained in former tracts, it will appear that the cause of indis- 
tinct vision is, in this case, that the image of o o', produced by 
the humours of the eye, is formed not as it ought to be on the 
100 
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retina at i i', but behind it at i i'. According to what has been 
explained of optical images, the interposition of a lens, L L, of 
suitable convexity, will bring forward the image from i i' to I i', 
and will tlierefore render the perception of the object distinct. 

Now, it is most important to observe in this case, that the 
visual magnitude of the object, measured by the angle formed by 
the lines o t and o' i', will be exactly the same as it would be if 
the eye could havt' seen the object o o' without the interposition of 
the lens : from which it appears that the hms does not, as is com- 
monly supposed, directly augment the visual magnitude of the 
object, but only enables the eye to see the object with distinctness 
at a less distance than it could so see it without the interposition 
nf the lens. We say directly , because, although the lens does not 
augment the visual angle of the object in the position in wliich it 
is actually viewed, yet, by enabling the eye to sec it distinctly at 
a diminished distance, the visual angle of distinct vision, and 
therefore the a])parent magnitude of the object, is increased in 
exactly the same proportion as the distance at which it is viewed 
is diminished. 

To understand the magnifying effect of the lens, wc must con- 
sider that the observer, seeing the object oo' with perfect distinct- 
ness, obtains exactly the same visual perception of it as if the 
object having the same visual magnitude were jdaced at that dis- 
tance from the eye at which his vision would be most distinct. 
liCt the lines passing through the extremities of the object there- 
fore be prolonged to this distance of most distinct vision, and let 
an object, o o', be supposed to be placed there, similar in all re- 
spects to the object o o', and having the same visual magnitude. 
It will be evident, from what has boon stated, that o o', as seen 
with the lens, will have precisely the same appearance as the 
object o 0' would have if seen with the naked eye. The observer, 
therefore, considers, and rightly considers, that the magnifying 
power of tlie lens is expressed by the number of times tliat o o' is 
greater than o o'; or, what is the same, by the number of times that 
the distance of o o' from the lens, that is the distance of most dis- 
tinct vision, is greater than the distance of the object from the lens. 

It follows, therefore, generally, that the magnifying power of 
the lens vdll be found by dividing the distance of most distinct 
vision by the distance of the object from the lens. 

10. Adopting this method of estimating the magnifying power, 
it would follow that the same lens would have different magni- 
fying powers for different eyes, inasmuch as the distance of 
most distinct vision for short sight is less than that for average 
sight, and less for average sight than for far sight. 

To make this more clear, let E, fig. 2, represent an average 
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sighted eye ; t! (fig. 3) a short-sighted eye, and e", [fig. 4, a far- 
sighted eye. Let the same small object, L m, be placed at the same 




distance from each of tlicm, and let the distance of most distinct 
vision for the first be e I ; fur the second e! and for the third 

Fig. 3. 

E" r. If, by the interposition of a lens, the object L m be rendered 
distinctly visible to each of these three eyes, it will appear at I m 

Fig. 4. 
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to E, at V m' to e', and at I" m” to e" ; its apparent magnitude, 
therefore, to the throe eyes will be in the exact ratio of their re- 
spective distances of most distinct vision, and consequently the 
magnifying power to f/ will be less, and to e" greater than to E. 

It must, however, be observed, that in this, which is the com- 
monly receiv(‘d explanation, a circumstance of some import- 
ance is omitted, which will modify the conclusion deduced from 
it. To produce distinct vision with a given lens, L L, the dis- 
tance of the object from the lens will not be the same for diffe- 
rent eyes ; for short sight the object must be nearer, and for long 
sight more distant than for average sight. 

Now, if this variation of the distance from the lens, or of the 
focus, as it is called, for different eyes vary in the same proportion 
as the distance of most distinct vision (and it certainly docs not 
differ much from that proportion), it will follow, contrary to the 
received doctrine, that the magnifying power of the same lens, will 
be the same for all eyes, whether they have average sight, long 
sight, or short sicrlit. 
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11. It is contended by some that the magnifying power is more 
properly and adecpiately expressed by referring it to the super- 
ticial than to the linear dimensions of the objects. 

To illustrate this, let us suppose the object magnified to be a 
square sucli as a, fig. 5. Now, if its linear dimensions, that is 
its sides, bo magnified 10 time.s, the square will be increased to 
the size re]>re.sented at 
\ (lig. 0); its height and 
lireadtli being each in- 
ereas(Hl 10 times, 
and its super fi~ 

H eiai magnitude 
l>eing conse- 
^ q n c n 1 1 y i n- 
ercased 100 times, as 
is apparent by the 
diagram. 

Now, it is contended, 
and not without some 
reason, that when an 
object, such as a, re- 
ceives the increase of 
apparent size, repre- 
sented at A, it is much 
more properly said to ho magnified 100 than 10 times. 

Nevertheless, it is not by tlie increase of superficial, but of linear 
dimensions that magnifying powers arc usually expressed. No 
obscurity or confusion can arise from this, so long as it is well 
understood that the increase of linear, and not that of superficial 
dimension, is intended. Those wlio desire to ascertain the super- 
ficial amplification, uoed only take the square of the linear ; tlius, 
if the linear he 3, d, or 5, the superficial will he 9, 10, or 25, and 
60 on. 

It might even be maintained, that wdien an object having 
length, width, and thickness, a small cube or prism of a crystal 
for example, is magnified, the amplification being produced equally 
on all the three dimensions, ought to be expressed by the cube of 
the linear increase ; thus, for example, if the object, being a cube, 
be magnified 10 times in its linear dimensions, it will acquire 10 
times greater length, 10 times greater breadth, and 10 times 
greater height, and will consequently appear as a cube of 1000 
times greater volume. 

In this case, however, as in that of the superficial increase, the 
calculation is easily made by those who desire it, when the linear 
increase is known. 
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12. In all cases in which magnifying lenses are used, excepc 
where the lens is large, and the magnifying power low, the eye of 
the observer should be placed as close as possible to the lens, the 
pupil being as nearly as possible concentric with the lens ; for 
since the pencils of rays, which proceed from the extreme points 
of the object, intersect at an angle equal to that formed by lines 
drawn from the extremities of the object to the centre of the lens, 
they will diverge after passing through the lens, at the same 
angle ; and the farther the eye is removed from the lens, the more 
rays it will lose, and beyond a certain limit of distance, a part 
only of the object will be visible. 

Vi. Since eyes of average sight arc adapted to the reception 
of parallel rays, an object seen through a lens by them will be 
distinctly visible, only on the condition that its distance from the 
lens shall be equal to the focal length ; for, in that case, the rays 
which diverge from each point of the object, will emerge from the 
lens parallel, and therefore suitable to the power of the eye. 

It is for this reason that the magnifying powers of lenses arc 
estimated, by comparing their focal lengtlis with the distance of 
distinct vision. For since the focal length is always the distance 
of the object from the lens for average eyes, the distance of 
distinct vision, divided by it, will, according to what has 
been cxxdained, be the magnifying power of the lens for such 
eyes. 

14. The focal length of a lens will be less in proportion as its 
refracting power upon the light transmitU;d through it is greater ; 
but the refracting power of the lens depends j)urtly on its con- 
vexity and i)artly on its material. 

With the same material the refracting powder will be greater 
and the focal length less, as the convexity is increased ; and, on 
the other hand, with a given convexity, the refracting power will 
be greater, and the focal length less, as the refracting power of 
the material, of which Ihc lens is made, is greater. Thus, for 
examjde, if tw^o lenses be comjiosed of the same sort of glass, that 
which has the greater convexity will have the less focal length ; 
and if, on the other liand, two lenses, one composed of glass and 
the other of diamond, have equal convexities, tin' latter will have 
a less focal length than the former ; because diamond has a 
greater refracting power than glass. 

15. It will be evident, from what has been cx^dained, that if 
tw"o lenses be formed of materials liaving different refracting 
[H)wcrs, such for example as glass and diamond, so as to have 
♦ qual focal length, that wdiich has greater refracting power will 
liave the less convexity. 

If tw'o lenses therefore be formed, having the same magnifying 
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power, one of glass and the other of diamond, the latter will have 
k-ss eouvexity tlian the former. 

From what has been explained on the subject of spherical 
a})(‘rration, in our Tract upon Oj)tical Images, it will be under- 
stood, that the more convex a lens is, the less its diameter must 
be, for if its diameter exceeds a certain limit relatively to its con- 
v(;xity, the spherical aberration will become so great as to render 
all vision with it confused and indistinct. This is the ri'ason 
why all lenses of higli magnifying power and short focal k'ngth 
are necessarily small. 

Ki. ]>ut since tlie spherical aberration depends on, and increases 
with the convexity of the lens, other things being the same, it 
lollows that if two lenses, composed of difien'iit materials, have 
('(pial focal lengths, that which has the less convexity will also 
hav«' less spherical aberration. 

17. Now, as according to what has been explained above, a 
diamond lens has less convexity than a glass lens of the same focal 
length, it will, if it had the same diamider, liave less spherical 
aberration, or, what is the same, it will admit of bedng formed 
with a grealer diameter, subject to the same aberration. 

18. In lenses of high magnifying powers, and which are con- 
se(|U(‘iitly of small dimensions, any increase of the diameter which, 
can be made without being accompanied wdth an injurious 
increase of alx'rration, is attended with the advantage of trans- 
mitting more light from each point of the object to the eye, and 
therefore of rendering the object more distinctly visible. It was 
on this account that, when single lenses of high magnifying 
power were tho^iglit d(‘sirable, great efforts were made to form 
them of diamond, and other transparent gems having a refracting 
powiT greater tlian that of glass. 

11). yir David Jlrcwster, ’who first suggested the advantage of 
this, succeeded in getting lenses of great magnifying power, made 
of ruby and garnet ; he considered those made from the latter 
stone to siir[)ass every other solid lens ; the* focal length of some of 
those made for him was less than the l-30th of an inch, the mag- 
nifying power being more than 300. 

20. All these and similar efforts made by Messrs. Pritchard and 
Yarh y, aided by the genius and science of the late Dr. Goring, 
have, however, happily for the progress of science, been subse- 
(|ucntly rendered unnecessary by the invention of methods of pro- 
ducing good achromatic object-glasses of high power for compound 
microscoiies, so that the range of usefulness of simple microscopes, 
or magnifying glasses, is now limited to uses and researches in 
which eomparatively low magnifying powers are sufficient. 

21. The most feebh tla«s of magnifying glasses are those occa- 
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sionally used for reading small t\"pe, by persons of very weaJc 
sight ; they consist of double convex lenses of 5 or 6 inches focal 
length, and having consequently a magnifying power no greater 
than two; they arc usually double convex lenses, from 2 to 3 
inches in diameter, mounted in tortoise-shell or horn, with conve- 
nient handles. 

^22. Magnifiers of somewhat shorter focal length and less 
diameter, similarly mounted, are used by miniature-painters and 
ongravers. 

23. Lenses having a focal length of about one inch, set in a 
liorn cell, enlarged at one end like the wide end of a trumpet, tlie 

magnitude being made to correspond with the 
socket of the eye, as represented in fig. 7, 
are used by watch-makers. The wide end 
being inserted under the eyebrow, is held in 
its position by the contraction of the muscles 
surrounding the eye-ball, and the minute 
work to be examined, is liold within an inch 
of the lens set in the smaller end of the horn 
case ; if the focal length be an inch, the mag- 
nifying power of such a glass, for average 

Glasses somewhat similarly mounted are used by jewellers, gem- 
sculptors, and other artists. 

24. To relieve the artisan from the fatigue of holding the mag- 
nifier in the eye-socket 
or in the hand, a stand 
with a moveable socket 
is sometimes resorted 
to, such as that repre- 
sented in fig. 8. A hori- 
zontal arm slides upon a 
vertical rod, upon which 
it can be fixed at any 
desired height by a 
tightening screw. This 
arm consists of two 
joints, connected to- 
gether by a ball and 
socket, by which they 
can be placed at any 
desired inclination; at 
the extremity of the 

lower arm a fork supports a ring-shaped socket, made to receive 
the magnifier. 
lOG 






different powers arc provided whicli may bc' used separately or 
tof^etber; wlnm they aroused top^ether, howevtr, the interposi- 
tion of a diaphrajijm. is neeessary to diminish tlic effects of 
splierical aberration by cutting oft* the lati ral rays. 

Lenses thus mounted are well fitted for medical use, and for 
certain researches in natural history. 

2(5. Win n a liigher ])o\ver is required than that whicli thcs(‘ 
common magnifiers afford, a magnifying glass, called from its 
inventor a Coddington lens, is 
used with much advantage. To 

produce such a lens, a solid hall u 

or sphere of glass, about h an inch 

in diameter, is cut round its 

equator, so as to form round it 

an angular groove, leaving two 

spherical surfaces on opposite 

sides uncut. The angular groove ^ 

is then filled up with opaque 

matter, the circular edge of the 


groove serving as a diaphragm 
between the two spherical sur- 
faces. A section of such a lens 
is shown in fig. 10, where a n and 
A' B' are the two spherical sur- 
faces left uncut, and a r a' and 
B c b' the section of the angular 
groove filled with opaque matter. 

The course of the rays passing 
through it from any point such 
as o, is shown by the lines o o, and it will be evident from the 
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mere inspection of the that the effect of the lens upon 

t])e rays will bo precisely the same, wherever the point o may 
be placed ; this lens, therefore, j^ives a large held equally 

well defined in all directions, and 
since it is no matter in what 
position it is hold, it is very con- 
venient as a hand and pocket glass ; 
it is usually mounted in a small 
case, such as is shown in fig. 11, 
which can be carried in the waist- 
coat pocket. 

27. Magnifying glasses of low i)owers, such, for example, as 
those which range from 5 to 40, may be constructed with much 
advantage in one or the other of the above forms. When, how- 
ever, higher powers are necessary, tlic use of sucli lenses, with very 
short focal length, is attended wdth much practical inconvenience, 
which has been removed by the use of magnifiers, consisting of 
two or more lenses combined. The combinations of this kind which 
arc found most efficient, consist of two or three plano-convex 
lenses, with their convex side towards the eye ; these are called 
doublets and triplets. 

28. After what has boon explained in our Tract upon Optical 
Images, the princiido upon which these magnifiers depend will 
bo easily understood. 

Let r. E and n D, fig. 12, represent the two lenses of a doublet, 
and let o o be a small object placed before i) n, at a distance from 
it less than its focal length. According to what has been ex- 
plained, n D will produce an imaginaiy image of o o at 2 t, more 
distant from u n than o o, so that an eye placed behind n i) would 
receive the rays from o o, as if they had diverged from the corre- 
sponding points of i i. 

But instead of being received by an eye jdaced beliind i) n, 
tliese rays are received by the other lens v. i : ; tlie imago ? i there- 
fore plays the part of an object before the lens e e, and being at a 
distance from e e less than the focal length of the latter, an 
imaginary image of t i will be produced at i i ; the rays, after 
passing through E E, entering the (jye as if tliey had come from 
ilie corresponding points of 1 1. 

To cut off all s(;attercd rays not necessary for the formation of 
tlie image, a stop or diaphragm, s s, consisting of a circular disc of 
metal, with a hole in its centre, is interposed between the two 
lenses. 

29. Such a combination, when high powers are necessary, has 
several advantages over an equivalent single lens. In the first 
place, the effect of spherical aberration is much less, and secondly, 
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the ohjoct can be placed at a much greater distance from the 
anterior lens D D, and can consequently be more conveniently 

Fig. 12. 



manipulated, if it be desired to dissect it, or to submit it to any 
other process ; it can also be illuminated by a light thrown upon 
tliat side of it which is presented to the glass ; this could not be 
done if it were nearly in contact with the glass, which must 
necessarily be the case by reason of its very short focal length, if 
a single lens were used, 

30. It was recoinmcndod by l)r. Wollaston, tho inventor of 

these doublets, to give the two lenses com- 
posing them unequal focal lengths, that of ^3. 

E E being three times that of D i). 

The lenses are usually set in two thimbles, 
one of which screws into the other, as shown in 
tig. 13, so that they can he adjusted as to their 
mutual distance, so as to jiroducc the best effect. 

When still higher powers arc sought, the lens D n is replaced by 
two plano-conve.x lenses, in contact, which taken together play 
the part of the single lens D I) in the doublet ; this combination 
is called the triplet. 

When a very low magnifying power is required, the lenses E E 
and D D may be st paraled, by unscrewing, 

31. The lenses, whetlier of a doublet or a trijdct, being thus 
properly mounted, expedients must be adopted to enable the 
observer to apply them eonveniontly to the object under examina- 
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tion. Tlie most simple method of effecting this would he to 
liold the lens to the eye with one hand, and to present the object 
before it at the pro])er distance with the other. But even in 
tliis case it would be necessary that the lens should be attached 
to a convenient handle, ai»d unless the magnifying power were 
very low, the steadiness necessary to retain the object in the focus 
could not be imparted to it, and while the observation would be 
unsatisfactory the fatigue of the observer would be considerable. 

When high powers are 
used, every motion of 
the object is as much 
magniiied as the object 
itself, and consequently 
in such cases the most 
extreme steadiness is 
indispenjjable. 

Whatever be the form 
of the mounting, there- 
fore, it is necessary 
that the object should 
be supported by some 
piece attached to that 
by which the doublet 
itself is supported, so 
that it may be steadily 
lield in tlie axis of the 
lcns('s, and that its dis- 
tance from them may be 
varied at ])leasnre, by 
some smooth and easy 
motion, by which the 
obsfTvcr can bring the 
object to the proper 
focus. 

The means by which 
these ends have been at- 
tained vary ac(‘urding 
to the use to wliieh the 
microscope is to be aj)- 
])lied, to its cost, the 
taste and fancy of the observer, and the skill and address of 
the maker. 

One of the most convenient forms of mounting, for a common 
hand microscope is shown in fig. 1 4 . 

The doublet is inserted in a socket c made to fit it ; the screen 
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h protects the eye from the li^ht by which tlic object is illu- 
minated, an arm e is jointed at so that it can be turned Hut 
against u, when the instrument is not in use, and can be ineliiu d 
to «, at any desirtd angle. This arm being round, a sliding 
tube/ is jdaced upon it, fixed to another tube at right angles to 
it, in which a vertical rod slides, to the upper end of which is 
aitaiihed a forceps or any other convenient support of llic objocti 
under examination. 

Several doublets or triplets of various powers may be provided, 
any of which may be inserted at pleasure in th(‘ socket c. 

When still greater steadiness is required, and greater bulk 
and liigbcr ])ri(;o do not form an objection, the arm and socket 
bearing the doublet arc fixed upon a vertical ])illar, screwed to a 
table with proper accessories for adjusting the locus and illumi- 
nating the ohjeet. 

The arrangi'iuent adopted in the simple microscopes of diaries 
dicvalicr, shown in fig. Id, p. 07, may be taken as a general 
example of this class of mounting. 

The cas(> in whieli the instrument is pa(‘k('d serves for ils 
support when in use. A sipiarc brass pillar 'r t, screwed into the 
top of this ease has a square groove cut along one of its sidi's, 
in which thi‘ square rod u is moved upwards and dowu'wards by 
a rack and ])iniou n ; at the top of this rod, a horizontal arm a is 
attached, at the end of which a socket is provided to receive th(‘ 
doublets ; sevcTal of wliicli liaviug dilierent powers arc sujiplied 
with the instrunu nt. 

The obj eet under observation is supported on the stage r, 
firmly attached to the upper end of the square ])illar t t ; in this 
stage is a central liole, tbrougb which light is projected on its 
lower surface w]n*n the obj(*ct is transparent, and tin (juantity of 
this light is moditu’d by means of an opaque disc u, ]ueiaed with 
holes of different magnitudes. 

By turning tiiis disc on its centre, any one of these holes may 
be brought uu ler tlic object ; when the objt'ct is not transpanuit, 
the opening in the stage is stopped, and it is viewed by light 
thrown upon its iqiper surface. 

A square box n, sliding upon tlie pillar t t, with suliich'nt fric- 
tion to maintain it at any height at which it is placed, carries a 
reflector M, by wliieli light is projected upwards to the opening of 
the stage r, this light being more or less limited in quantity by 
the orifice of the diajdiragm p, which is presented in its path. 

In this instrument the object is brought into focus by moving 
the arm which carries the doublet up and down, by means ol the 
rack and pinion ii, th* .-tage supporting the object being fixed. 
The same cfiect might be, and is in some microscopes, produced 
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by moving the stage supporting the object to and from the lens : 
but when the instrument is applied to dissection, it is necessary 
to keep the subject dissected immoveable, and, therefore, not only 
to maintain the stage stationary, but to render it so solid and 
stable that it will bear the pressure of both the hands of tlic 
operator while he manipulates the dissecting instruments ; on this 
account the stage is often made larger than is represented in tlio 
figure, and supported by a separate pillar. 

The arm a carrying the doublet is also sometimes fixed in a 
square socket on the top of the rod o, so that it can be moved to 
and fro in the socket, while the socket itself can be turned upon 
the rod G ; by this combination of motions, the observer can with 
great convenience move the lens over every part of the object 
under examination. 

{Simple magnifiers, with provisions similar to these, are luadc' by 
the principal opticians, Messrs. Ross, Leland and l^owcll, Smith and 
Beck, Pritchard, Yarley, and others. 

When the object has not sufficient transparency to bo seen by 
light transmitted through it from below, it may be illuminated 
by a light thrown upon it from above by a lamp or candle, and 
condensed, if necessary to obtain greater intensity, by means of a 
concave refiector or convex lens. 
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CHAPTER I. 

1. Instinct dernud. — 2. Indcpcndtnt of ox]>erIpnce or jtractico. — H, 
Soiuotirncs dirccU'd by ai»]»etitc. — b A simple faculty independent 
of memory. —5. Instinctive distinguislicd from intoiligcnt acts. — 
(). Instinct and intelligence always co-exist.- - 7. Tlie ]iro[«n’tion of 
in.stinct to intelligence increases a^^ we descend in tlie orLTunic chain. — 
8. Opinions of De.seartes and Ilutron ('haiacter "t the dog. — D. 
lli'searches and observations of Frederic Ouvier. - -l<i. Causes of the 
errors of Descartes, Hutlon, Leroy, and Condill.at . — 1 1. Degrees of 
intelligence oh-erved in diilerent ordi'rs of aniinais.- l‘J. Aceord mee 
of tliis wdtli tlieir eerehral develoimient. — 13. ( >p})ositioji between 
intelligence and instinct. — 1 4. Con-cciuences of detiningtheir limits. — 
15. Exam]ilo of instinct in ducklings. — 10. In the constrnctioii of 
honeycomb. — 1 7. The snares of tlic ant-lion. — 1 S. Their mode of con- 
struction and use. — lb. Spider.s’ nets,— 2n. Fishes calciiing inM‘cts.- - 
21. rrovidcut t-conomy (»f thesciuirrel. — 22. Haymaking lt\ the Siberian 
lagoinys. — 23. Habitations constructed by animals.— 24. Tlie house 
of the hamster.- 25. The habitation of the inygalc, witli its door. 
— 20. llabitiitioiis of caterpillar.^.— 27. Clotliing of the larva of the 
moth. — 2S. Dwellings of animals wdiicli are torpid at certain seasons. 
— 2b. The AI]hiie niannot —Curious structure of their liabitations.- - 
30. Method of can .stiucting them. — 31. Singular habits of these 
animals. — 32. In.'^iinets of migration. — 33. Irregular and occasional 
migration. — 34. General assembly prej»aratory to migration. — 35. 
Occasional migration \*t monkeys. 

Labpkers Museum of Sen nce. i 
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1. Iw contemplating the habits and manners of animals, numerous- 
acts are observed bearing marks of more intelligence and foresight 
than it is possible to suppose such agents to exercise. Since 
intelligence, therefore, cannot be admitted as the exciting cause 
for such actions, tlicy have been ascribed to another power, 
called INSTINCT, which is defined to be one by which, independent 
of all instrootion or experience, animals arc unerringly directed to 
do spontaneously whatever is necessary for their preservation and 
the continuance of their species. 

2. Instinct, therefore, must be regarded as a simple power or 
disposition emanating directly from the Greater, and producing its 
effects, without the intervention of an}" mental process. These 
effects, moreover, are susceptible of no modification by experiences 
or re]ietition. A purely instinctive act is performed with as much 
facility and perfection at the first attempt as after repetition, no 
matter how long continued. The new-born infant seizes the 
mother’s breast with its lips, draws the milk from it, and swallows 
that nourishing fluid — a very complicated physical process — as 
readily and as perfectly as it docs after the daily expciicuicc* and 
])ractico of ten or twelve months. The young bee just emerged 
from the cell, sets about the highly geometrical process of con- 
structing it"^ complicated hexagonal comb, and accomplishes its 
Arork witlj as mucli facility and perfection as the oldest inhabitant 
of the hive. 

‘1. Instinct operates sometimes, but not invariably, by tbe 
iuterv{‘ntion of ])bysical a])potite. Thus animals se(‘k food, 
and tlie iiiiion of the sexes, not with tlic purposes which Nature 
designs to attain by these acts, but for the mere 2 )leasure 
attending the gratification of appetite and passion. This 
2)leasurc is the bait wdiieli the Creator throws out to allure them 
to do what is indis 2 )ensahle for the jjrescrvation of the individual 
and the continuance of the species. 

Thus, although animals seek food to satisfy hunger, the act is 
still instinctive. In the choice of food, that which is hurtful or 
poisonous is avoided, and that which is nutritious selected. The 
food wdiich is suitable to the organs of digestion is always that to 
W'hich the animal directs itself. These organs in some are adapted 
to vegetable, in others to animal food, and each species accordingly 
seeks the one or the other. >Since it cannot bo imagined that these 
animals are endowed wuth intelligence by w"hich they are enabled 
to judge of the qualities of this or that species of aliment, it is 
ch arly necessary to ascribe their acts in choosing always those 
w'hicU arc suitable to them, to a power different from and 
independent of intelligence. 

4. While instinct is a simple power, prompting acts apparently 
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the most compliciitod, and producing* cIFects at on(‘e in tlio 
most perfect manner and without any internal eH'ort on the part 
of the a"ent, intelligence, on the contrary, is a facult}' consisting 
of various distinct o]>eratioiis depending on experience and mis- 
coptible of iiidehnitc improvement hy exercise. The' jKH epUon^ 
received from external objects arc tin? data upon wliich it 
exercised. These perceptions arc capable of being I'^ived and 
identified Iiy the faculty called memory. Thus, hii\iiig once per- 
ceived any given object, it is identified ujion its r«'currenci‘ by tli(‘ 
cou5>ciousnoss lliat tlie perce])tion it produces is the same as that 
'which 'VNxas formerly ]iroduc(‘d by it. Thus, oojects once seen are 
known when seen again. 

Memory is essential to almost all other aets of intelligence, the 
]ii()st simple of which is that hy which tht' mind infers that any 
etlect which has been once produced will be again r(*prodiiccd by 
the same agent under like circumstances ; and the oftener such 
♦ ■fleets an oh..erved to b(‘ reproduced, the inon' strong is the 
conviction tJiat they will reappear. 

5. Jnstinetive acts ari‘ done Avitliout any iMTcoption or con- 
sciousness of their eonse([uenees on the ])arl ot tlie agent. Intel- 
ligent aets, on the contrary, are performed not only witli a 
conscioiihUess of their coiist'queiices, hut hr^misr of that eon- 
sciousiu'ss. Tliey are pm'formed precisely with a view to produce 
the eJllcts which are known by previous ex])erieiice to have 
resulted from them. 

(J. It must not be supposed that instinct and intelligence can- 
not coexist, or that, the animal endowed with either is necessarily 
deprived of the other. It is certain, on the eoutrary, that most 
animals arc more or less gifted wdtli both. In man, constituting 
the highest link in the chain of animal organisation, tfie faculty 
of inU-lligence predominates in an immense prc»]>oj'tion ovei* that 
of instinct. In passing to the next link, tin; relation between 
these faculties undergoes a change so enormous, that naturalists 
have regarded man not merely as a species of animal, but as an 
ordc'i* of organised beings a])art, being the sole genus of his order 
and the sole species of his genus. 

7. In descending from link to link do'vsmwards along the chain 
of animal ()ri;'anisation, the play of intelligence is observed to boar 
a less and less ])roportion to that of instinct, until wo ari ive at the 
last links, where all trace of intelligence is lost, and animal life 
becomes a inc^rc' system of phenomena produced by instinctive 
impulses. 

8. The q\iestion of the relative* provinces and play of instinct 
and intelligence in the animal world, has been agitated among 
philosophers and nr.t\iralists from the earliest epochs down to our 
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own times. Descartes inaintained that the inferior animals were 
mere automata, hut that bciii^ constructed hy Nature, they arc 
incomparably more perfect tiian any which could be constructed 
by man. Bulfon allowed them sensations, and a consciousness of 
present existence, but denied them all exercise of thought, reflec- 
tion, the consciousness of past existence or memory, and the 
power of comparing their sensations or having ideas. Yet not- 
withstanding tliis, in other parts of his works, he admits that a 
power of memory, active, extensile, and retentive, cannot be 
denied to certain species. Tlius, in his history of the dog, he says 
that an ardent, choleric, and even ferocious disposition, wliich 
renders that animal in the wild state formidable to all around it, 
gives place in the domestic dog to the most gentle sentiments, the 
most lively attachments, and the strongest desire to jdcase. Th(i 
dog, creeping to the feet of its master, plac(‘s at his dis])osition its 
courage, its force, and its tahmts. It wails his orders merely to 
execute them; it consults him, interrogates liim, supplicates liim, 
understands the slightest signs of his wishes : has all the warmth 
of sentiment which characterises man, without the light of Ins 
reason ; has more lldelitj", more constancy; no ambition, no selfisli 
interest, no desire of vengeance, no fear save that of its master’s 
displeasure. It is all zeal, all ardour, all obedience. More 
sensible to tlic memory of kindness than of injury, it is not dis- 
heartened by bad treatment, it submits and forgets, or remembers 
only the more to attach itself. Far from being irritated by, or 
flying from him wlio i)unisli(‘s it, it willingly evposes itself to new 
trials, it licks the hand which strikes it, offers no remonstrance 
save tluj expression of its pain, and disarms the hand which 
punishes it hy patience and submission.* 

Thus while Buffoii re* fuses thouglit to the dog, he admits that 
he is capable of consulting, interrogating, and supplicating his 
master, and understanding the signs of his will. But, how, it 
may be asked, can a dog understand, 'vvitliuiit understanding ? 
AYithout th(‘ faculty of memory, how can he remember kindness 
and forget ill-treatment ? Butibn, as M. Floureiifj justly observes, 
admits as an historian, but lie denies as a philosopher, and in 
spite of his acuh* understanding, allows his judgment to be influ- 
enced by the purpose to wliieli the work on which he is engaged at 
the moment is directed. As an historian, he lias to state facts ; 
and he does so with truth and elu<{uenc('. As a philosopher, he 
has to defend a system ; and lie closes his ('yes on all facts save 
those wliich support his liypothcsis. 

9. During more than a century wliich elapsed between tlie 

" “ ITistohe du Chicn,’’ vol. n, p. 18fi. 
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epochs of Descartes and BufTon,* the question of the instinct and 
intelligence of animals was discussed in the spirit of the ancient 
philosophy on puri'ly metaphysical grounds. It was with Button, and 
soon afterwards with L('roy, that it began to be placed upon tlie basis 
of observation and induction; but the first philosopher who reduced 
it to a definite form and supported his reasoning by obse rvations 
systematically pursued was Frederick (hivicr. Tie proposed to de- 
termine the limits of the intelligence of ditferent species ; those which 
separate intelligence generally from instinct; and those in tine by 
whi(*h human intelligence is distinguished fVom that of inferior 
animals. These three points being once esiublished, the long vexed 
<[tiestion of animal intilligonee Avas pn^semted under a new aspect, 

10. When Descartes and Jbitfon refused intdligencc to animals, 
they did so because tliey could not accord to them the same 
laculty of intelligence which characterises the human race. Their 
error tlierefore arose from not j)(‘reeiving or not deiiiiiiig the limit 
which se])aTates human from animal intelligonco. 

When Condillac and L(Toy, on the contrary, falling into the 
other extreme, accorded to animals the most elevated intellectual 
powers, they did so because they overl(»(>k»'d the distinction, 
between instinct and intelligence. When the) ascribed to intelli- 
gence acts which Averc prompt'd by instin<;t, and therefore executed 
Avith a p(‘rfection AN'hich, if they Aveio the result of intelligence, 
Avould require a A^cry elcA'atcd degree of that faculty, they were 
forced to admit in animals the possession of poAvers in some re- 
spects even more elevated than those of the liuman race. 

11. The first observations of Frederick ('iivier indicated the 
various degrees of intelligeiiee in the different ordt'rs of mammifers. 
Thus he found the highest dcA'elojunent of that faculty in the 
Qiia(h’i{?natuj, at the head of Avhieh stand the (‘liimjniuzee and 
ouraug-oiilang. The second rank Avas assigned to tin ( ktrnirora^ at 
the liead of Avhich was placed the dog. The Pachiidrnnata stand 
next, Avith the liorse and the elephant at tlu*ir lioad ; the tAVO 
loAvest raiilis consisting of the J*K?Nininifs and 

12. Now it is important to remark th.at this classiiication of 
mammifers according to their relatiA'c intc'lligcncc, based upon the 
direct observation of their manners and habits, is huind to he in 
complete, accordance Avith their cerebral dt;vclopmeiit ; the organs 
of the brain, Avhich in man have been ascertained as being those 
on Avhicli tlie intelleetiial functions depend, existing in a less and 
less state of dc velupinoiit as we descend from the Guadrumana 
to the Carnivora, from the latter to the rachydormata, and from 
these successively to the Ruminants and Rodents. 

Descartes })ubl'sli.xl his “Discours sur la IMethotle” in 1637 ; and 
Bufibn published th'^ “Di^cours sur la Nature des Animaux” in 17.^3. 
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The reader will find these conclusions verified by many of the 
examples which will be ]>rcsently produced, but those who desire 
a more complete demonstration must have recourse to the numer- 
ous and beautiful memoirs of Frederick Cuvier, in which the 
original observations arc recorded. 

13, After having established the limits which distinguish the 
degrees of intclligi'iieo of different orders of animals, (Uivier took 
up the still more important question to fix the limit between 
intelligeiKre and instinct. 

between tliese powers there is the most comi)lete o2)position. 
All the results of instinct are blind, necessary, and invariable. 
All those of intelligence, on the contrary, are oj)tional, conditional, 
and susceptible of endless modification. The beaver, which 
builds its hut, and the bird which constructs its nest, act by 
instinct alone. The dog and the horse, which are educated so as to 
understand the signification of several words uttered by those who 
have charge of them, do so by the exercise of intelligence. 

All the results of instinct are innate. The beaver builds its 
hut without having learned to do so. It is urged ])y a constant 
and irresistible force. It builds because it cannot hell) building. 

All the results of intelligence arise from experience and in- 
struction. The dog obeys his master, only because; he has learned 
to do so. ll(i is a free agent, and obeys because he wills to obey. 

In fine, the results of instinct arc particular, while those of 
intelligence are general. Tlic industiy and ingemuity which has 
excited so much admiration in the beaver, is displayed in nothing 
except the construction of his liut, while the same degree of 
attention and thought, which enables the dog to obey his master 
in one thing, will equally avail him to perform other acts. 

14. So long as these two powers of instinct and intelligence 
were undistinguished one from the other, the manners and habits 
of animals presented to the contemplation of the observer endless 
obscurity, and the most perplexing contradiction. While in 
most actions the superiority of man over other animals is apparent, 
in many the superiority seems to pass to the side of the brute. 
This i)aradox and apparent contradiction disai)pears, however, 
when the boundary between instinct and intelligence is clearly 
marked. Whatever proceeds from intelligence in the lower 
animals, is incomparablj" below that which re.sults from the intel- 
ligence of man ; and on the contraiy, all those acts of the lower 
animals, which, supposing them to result from intelligence, would 
require a higher degree of that faculty than man possesses, are 
the mere effects of the blind mechanical power of instinct.* 

* Floureii.s’ “ De ITustinct ct de riiitelligeuce des Auimaux,” p. 30. 
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1 o. As an example of an act manifestly in stinKive, a fact familiar 
to all who have visited a poultry -yard may be mentioned. When 
a mixed brood of chickens and ducklings hatched by a hen 
approach for the first time a pond of water, tlic ducklings pKH'i- 
l)itatc themselves into the liquid, in spite of the eltbrts of their 
ad(»pted mother to prevent them, and contrary to the c\ani]>lo of 
the chickens, witli whom they have come into life and from whom 
they have never been separated. TJie ducklings who do tliis may 
have never before seen waiter or any individuals of their owui 
species, yet they use their w’ebhcd feet as proj)cllers with as much 
skill as tlie oldest and most oxperieir ed of tlieir raee. 

lb. An example of a much more complicated process, w^liich is 
manifestly instinctive, is presented by the labours (»f the bee 
already mentioned. The eomh is a highly geometrical structure, 
wTiich, if executed under the dirc'ction of intcllig('ni'e, would 
require not only faculties of a high order, hut ju’ofound cahailatioii 
and much t'xpcrionce. Considered in relation to the purposes it 
is destined to fullil, it would require the greate st foresight and a 
thorough knowledge of tlio wdioh' course of Hie and organic 
functions of the* species to which the const nielors hc'long. Sup- 
posing rlicm to he endowed witli tlic necessary intelligence, the 
combs could not bo constructed wutbout many j)relimina]y trials 
and })artial failures, the necessary perfection being only attainable 
by slow degrees and by means of a series of experiments. 
Nothing of the kind bow^ever takes place, the complicated struc- 
ture being [)roduced at once wutli the greatest facility and in Iho 
highest perfection. Tliere are, tlierefore, In rii none of the eliarac- 
ters of a work directed by intelligence, but all the marks of one 
prompted by instinct. 

17. Altliougli the acts by wliich animals obtain and select their 
proper food are undoubtedly iusliuctive, they aie, nevcrtlieless, 
often attended wuth circumstances w*hich it w ould he diflicult to 
explain without Hie intervention of some di'gn e of inlelligenjo. 



F],,'. 1. — The Ant Lion. 


There is a little insect of the order 2s ear opt era and the family 
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Myrmeleonid<ic^ commonly called the ant-lion^ represented in its 
natural size in tig. 1, the larva of which is also represented in its 
natural size in fig. 2. This larva feeds upon ants and other insects, 
of which it sucks the juice ; but as its powers of locomotion are 
greatly inferior to those of its prey, it would perish for want of 
nourishment, if Nature had not endowed it with instinctive 
faculties by which it is enabled to capture by stratagem the 
animals upon which it feeds. 

18. After having careliilly surveyed the ground upon which it 
is about to operate, it commences by tracing a circle corresponding 
in magnitude with its intended snare. Then jdaeing itself within 
this circle, and using one of its feet as a spade or shovel, it sets 
about making an excavation with a tunnel-shaped month. It 
tlirows upon its head the grains of sand which are digged up with 
its feet, and by a jerk of its body it fiings them to a distance of 
some inches outside the circle which it has traced, throwing them 
backwards by a sudden upw'ard movement of the head. Pro- 
ceeding in this w^ay it moves backwards, following a spiral course, 
continually approaching nearer to the centre. At length so much 
of the sand is thrown out that a conical pit is forrat'd, in the bottom 
of which it conceals itself, its mandibles being the only parts which 
it allow's to appear above the surface. If in the course of its work 
it happens to encounter a stone*, the ])reseno(* of which would 
spoil the form of the pitfall, it first pays no attention to it, and 
goes on with its labour. After having finished the excavation, 
Jiowcvcr, it returns to the stone, and uses every effort to detach it, 
to place it on its back and throw' it out of the pit. If it do not 
succeed it abandons the work, and departs in search of another 
locality, where it recommences wdth admirable patience a sirnilai’ 
excavation. 

These pitfalls, fig. 3, when com])lcted, are generally about three 

inches in diameder and 
two in depth ; and when 
the slo})o of the sides has 
been deranged, — which 
almost ahvays happens 
w'hen an insect falls into 
it, — the ant-lion imme- 
diately sets about repair- 
ing the damage. 

WTien an insect hap- 
Kig. — Pitfall of au Aut-Lion. pens to fall into the pit, 

the ant-lion instantly 
seizes it and puts it to death, and the fluids having been all sucked 
out, its dry carcass is treated cxactlv like the grains of sand, and 
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jerked out of the hole. If, however, as often happens, an insect 
who has the misfortune to fall from the brink of the precipice 
should recover itself, and escaping the murderous jaws of its enemy 
regain the summit, the latter immediately begins to threw \ip 
more sand, whereby not only is the hole made deeper, but its sides 
are rendered more precipitous, and the hying insect is often hit 
by the masses thus projected, and brought down again to the 
bottom. 

19. Certain spiders sjiread snares still more singular. The 
web which tlu'se animals spread is d(‘stined to catch the Hies 
and othe r insects upon which they i)rey. The disposition of 
Ihf' iilaments composing this 'web varies with dihlTent species, 
but is often of extreme elegance. 

20. There are certain lislies which feed upon insects that are 
not inhabitants of the "water, and who resort to expedients, bearing 
marks of gr(*at ingenuity, to capture their jn^cy. Tims, a s])ccies 
called the Archer, which inhabits the Ganges, feeds on insects 
which are accustomed to light upon the leaves of aquatic plants. 
The fish, upon slicing them, projects drops of water upon tliom 
with such sure aim, that it seldom fails to mfike them fall from 
the leaf into the water, wlicn it seizes upon them. As the near 
approach of the fish would alarm the insect and cause its flight, 
this species of liquid projectile is usually laiinclied from a distance 
of several feet, "where the insect cannot see its enemy. 

21. Certain species feed upon natural jiroducts, which arc only 

to be found at particular 
seasons of tlie year ; and 
in all such cases Nature 
prompts tliem, during tlieir 
proper harvest, to (Collect 
and store up such a quan- 
tity of food as may be sulh- 
cient for tliiar support, 
until the ensuing season 
brings a fivsli sujiply. The 
common sipiirrel (hg. 4.) 
jiresents an example of 
this instinct. Guniig the 
summer these active little V 
creatures colleel a mass of ^ 
nuts, acorns, almonds, and 
other similar products, and 
establish their storeliouse 
usually in the cavity of a i ^ • 

tree. They have the habit of providing several of these magazines 
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in different hiding-places cunningly selected ; and in ’sn inU-r, 
when th(; scarce season arrives, they lujver fail to find their 
stnres, even when they arc overlaid wilh snow. Jt is remarkable 
that this impulse to hide llieir Ibod does not cease with tin? 
necessity for it, for tin y take the same can; of the residue uncon- 
sumed upon the return of the ensuing season. 

2‘2. Another rorlent, calh‘d by natui-alists tin' Lafftmitis jnea^ 
which bc'ars a close resemblance to llie common rabbit, and 
inhabits SilxTia, is endowed with an instinct still more remark- 
able, sine(i it not only collects in autumn tin; lierhage nc'cessarv 
for its sustenanee during the long winter of that iiih()sj)itabl(‘ 
coiinlr}^ but it actually makes hay exa(‘lly as do onr agricul- 
Inralisls. Having cut the la’cbest and most snccnbiit hf'rbs 
of tin; ti(‘ld, it sj)reads ilnmi out to diy in the sun ; and tins 
operation liuislied, it forms them into cocks oi* ricks, taking can; 
.so to place them that they shall* be in shelter from tlie rain and 
snow. Jt then sols ahont excavating a tninu l leading from its 
own liol(' to the bottom of these ricks, so that it may liave a 
suhtcrraiicau communication Ix twcs n its dwtlling and its hay- 
yard ; taking care, mon‘over, that, the hay Ix ing gradually cut 
from the intcudor of each stack, tin; ])rolecti()n provided by the 
lhatching of the cxt<‘rnal surface will not b(‘ di^luihed. 

23. Auotlu'r form of that juirtieular insliiiet the object of 
which is the preservation of the individual, is maiiifestt'd in the 
art, with wliieli certain specie's construct for tliemselves a suitable 
dwelling. In exeenting all the operations, idh'ii V(TV complicated, 
directed to tliis piirjiose, theii* labours are in\ ariably mark'‘d by 
the same general routine, altlnuigb tin' o])erati\(* by whom the 
woik is executed lias never hefon' xvitnesscd a similar proce'ss, 
and is aided by lU'ither direction, ]>lan, nor mode'l. 

AVe liave alread}* mentioned tlie structure of the lioneycomh as 
an example of this, hut the insect world abounds Avitli others not 
less inleri-sting. 

The silkworm eoustriK'ts for itself, witli the delicate threads 
xvhich it sjiiiis, a eoeoon, in wlu»‘h it encloses itself, to undergo in 
safety its mctamoi jdiosis and to become a huttertly. Tin* rabbit, 
in like manner, huirows for itself a dwelling, and the heaver 
constructs those little liouses which have rendered it so eelehrated. 
AVc shall, on another occasion, return to arehitcetural instinct, in 
noticing the labours executed in common by animals wdiich live 
in societies. 

24. The hamster (tig. A) is a little animal of the class of rodents, 
bearing a close resemblance to the common rat. It inhabits the 
fields throughout Europe and Asia, and inllicts much injury on 
flic farirn'i* and agriculturalist. Tliis animal constructs for itself 
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u subte rranean lion sc, consisting of several rooms connected to- 
f^^etber by corridors, d’he dwelling has two comm uuieat ions with 
the surface*, one con- 
sisting^ of a vertical 
shaft, ])y which the 
aiiiuial inahcs its eii- 
Irauees and exits ; the 
other IS an inclined 
sliuft, inercly u^cd lor 
lliti ]mrj)e)ses of ooii- 
slruclii'ii, tljo animal 
f-vlnuliii- tliroii-li it - ri.c 

the ('urth excavated 

in the formation of its habitation. One of the* rooms is fiirnishe-el, 
as the bcdroimi of“ tlic owner, with a couch ot cle'aii, dry ;;:rass, and 
is otlierwisc lU'atly ke‘pt. Tlie others are used as store-rooms for 
the winter stock of provisions, which are* amassed there in 
considerable e|uantities. 

The fe)rm e)f tlo' stoi'<*-rooms is ne.‘arly splieih al, and their dia- 
meter from S to 10 inches. 

The female, V lu) iie'Ver le)di;es with the* male*, usually ])rovieles 
soNeral of the*se \ ertical entrances to her habitation, villi a view 
to ^ive easy means of e ntrance to her youn;^, when they are 
pursued by any enemy, and ohiig-ed i>recipitately to take refuge 
ill their dwelling. 

The number of store-rooms whie;h they ]o*oviele b(*iiig de- 
termined by their stock of jirovisions, they are* excavated in 
succession, when one is tilled the* animal be'ginning to make* 
anotlier. 

The room wliieli the* female* euiistruets as a iiursrry for licr 
young ernes Ile^er includes jirovisiems. J^hu brings there straw 
and hay to make beds for them. Twei or tlireei times a year she 
has live or six younglings, which she^ nurses for about six weeks, 
at wliieli age she banishes them from her dwelling to ]»i-o\ide for 
Ibemselves. The depth of the dwelling varies with the agij of the 
animal, the* youngest making it at about the dcptli of a fool. 
Kach successive year the depth is increased, so that the* vertical 
shaft leading to the den of the old hamster ol'ten has a depth of 
more than five feet, the whole liahitation, including dwedling- 
rooins, store- ro _)ms, and communicating corridors, occuiiying a 
space having a diameter of 10 or 12 feet. 

25. Certain spiders, known to zoologists by the name of mygales, 
execute works similar to those of the hamster, hut much more 
complicated, for not only do they construct a vast and commodious 
habitation, hut they place at its entrance a door, mounted upon 
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FitC. 0.- -iNest i>r Iho ^Mygalo. 


liingcs (fip;. 6). Eor this purpose the auiiual excavates in tlie 
ground a sort of eylindrical shaft three or four inches deep, and 

coats its sides with a tenacious 
jdastcr. It tlicn fabricates a door, 
by uniting alternately layers of 
. T-*^/**! plaster and ycgetablo lilamcnts. 

This trap-door is made exactly to 
7 'nV‘\] tit the mouth of the shaft, to which 
1^7" hinged by cementing some 

projecting tilameiits against the 
1 ^' edgt! of the plastered surface. 

‘j'X-jj. .V The external surface of this trap- 

rough, and in its general 
appearance di tiers little from the 

K,tf. 0.- -Nc«l Mygulo. surrounding fcrouiul. Tlic inside 

surlaco, however, is smootli and 
nicely tinished. On the side 0 ])posite to the hinge there is a row 
of little holes, in Avhich the animal introduces its claws to holt 
the door whmi any external enemy s('eks to force it open. 

2(>. 1 1 is, howe'N or, among tin* countless s]>ecies ot‘ insects that 
we lind the most, enrions and interesting ])rooess('s adopted for tlie 
construction of liahitations. Many species of caterjnllars construct 
houses hy rolling u]) lenv(‘s and tying them tegc'tluT by threads 
spun hy the animal itself, in the gardens, nests of tliis kind are 
everywlnu’e to l)e seem, atlaelu'd to the leaves of tiowers and 
hushes. It is in this Avay that the caterpillar of tlie nocturnal 
hutterily, the Tortrt\r rirkhiua^ forms its nest (tig. 7). 

27. Other inseets oonstruet habitations for themselves witli the 
tilaiiK'iits of noollen stui!’, in wliieh they gnaw holes. Among 

these is the wt‘ll-kno^vn larva 

Fig. 7 .— Nest oi Turtnx Vindaim. liuds itself becoming too bulky 
to he at ease in this dwelling, it cuts it open along the side, and 
inserts a pieee, hy wliich its capacity is increased. 

28. Certain animals, which jiass the cold season in a state of 
lethargy, not only prepare for themselves a suitable retreat, and 
a soft and comfortable bed, but when they become sensible of the 
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drowsiness wliich precedes the commencement of thoii periodical 
sleep, they take earc to stop up the door of their liouse, as if they 
could toresee that a long^ interval must elapse before they sliail 
want to L'o out, and that the open door would not oulv 
ex'poso them to cold, but might give admission to daiigt rou^ 
enemies. 

2P. The alpine marmots supply examples of these curious 
inaniu'iv. 



These animals usually establish their dwidlings upon the 
face of steep acclivities, which look to the south or the east ; they 
assemble in large numbers for the excavation of these dwellings 
by their common labour. Tlie form of their dens is that of the 
letter Y placed on its side, thus , the tail being horizontal, and 
one of the two branches being inclined upwards, and tlie other 
downwards. The cavity, which forms the t.iil of the Y, is the 
dwelling-room. It is carpeted A\ith moss and hay, ot which the 
animal makes au ample jUHtvisioii in summer. TIk* upward 
hrancli leads to the door of tlu‘ dwelling, and su]»plies the means 
of exit and entrance to the inhabitanls. The descending 
hrancli is used lor the discharge of ordure, and all other 
ollal, the removal of which is necessary to the cleanliness of the 
house. 

do. Ihilfon says, that in the constriietion of these dwellings, 
the animals observe a curious division of labour : some cut the 
grass, others collect it in hca])s, and others, lyiiij? on their hacks 
with their legs ii])wards, convert themselves into a sort of sledge, 
upon which tlie grass is heaiied by the others, being kejit togellier 
by the upright legs of the prostrate animal, just as hay is retained 
iipou a farm- cart by Ihc poles lixed at its corners. The animal 
lying thus is dragged by the tail by the others, to the mouth of 
the dwelling in which the grass is deposited. 
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The latter part of tliis statoiiiciit is however called in question 
by some naturalists. 

The marmots pass tlic ;^realer part of their lives in those 
dens. Tlioy remain tln ro duriii;^ the iiip^ht and generally during* 
had weather, comin;; out only on lino da5^s, and even then not 
dopartin<»; far from their dwelling;. While they are thus abroad 
feeding and jHayin;^^ upon the <^rass, one of the trooj), ])osted on a 
noi^lihourin” ro(*k, is ehar^(‘d with the duty of a sentinel, ohserv- 
in;j^ (rareliilly the surrounding country. If he should }>erccive 
approacliin^- dauf^er, such as a hunter, a doj;, or a bird of prey, 
he immediately gives notice h}" a long continued whistling or 
hissing noise, upon which the whole troo]) instantly rush to their 
hole. 



l''JL^ e - Tilt Wliitc Ihioatod S.iiuu, 

o*J. There is another instinct wortlyy oi' notici*, the object ol 
which is always the iireservat ion of the indi\idual, and some- 
times that of tlie species, which determines cerlaiu animals at 
])articular epochs to undertake long voyages. These movenuTits 
of migratory animals, as tht'y are calleil, are sometimes periodic, 
being determined by the ’s icissitudes of the seasons, the animals 
hc'ing driven ( ither from higher latitudes to lower by extreme 
eold, or from lower to higher by extreme boat. Jn other cases 
the migiation is dtdermined by the care of providing for its 
young ; the animal migrating to localities where the food for its 
olispring abounds, and whence after depositing its eggs it departs 
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to places more conformable to its oa\ti habits and m ants. Thus, 
the mij^ration to and fro fulfils at once the double purpose of 
providing for the preservation of the species and that of tlie 
individual. 

3 : 5 . W1 lere tlic migration is irregular, and the voAago not 
long, the movement is prom])ted by the necessity of seeking a 
locality wheie tlu‘ proper nourishment of the animal is more 
abundant. In such eases, the animal having exhausted the 
supplies of a ])artioular district, departs in quest of another, 
and does not voyage further than is neeessarv for that obje<‘t. 



1 1-. i-'.— liii- 

34. Mliatc\er be the motive which may prompt such vo^ ages, 
they are almost invariably ])reeedcd b}' a general meeting, having 
all the ap])earance of a concerted one, compos('d (d‘ all tlie 
indivuluals of the spreies which inliabit tlic locality wlierc it 
takes place. When tlie purpose of the voyage is change of 
climate, tliey do not wait until they are dri^ eii fortli by an undue 
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temperature, hut auticipatc this cliaii;j:e hy an interval more or 
loss considerable ; nor do ih(iy, as mip;]it he 8U])posed ])robable, 
suffer themselves to h(‘ driven hy d(‘"rees, from place to ])lace, hy 
the gradually increasing inch'mency of the season. Jt would 
appear that they consider such a freriuent change of hahitatioii 
incompatible with their well-being, and instead of a succession of 
short voyag(‘s, tlu'v make at once a long one, whi(*h takes them 
into a (dirnato Ironi which tliey will not have occasion to remove 
until tlie arrival of Ihc opposite season. 

iiD, The monk(‘yH, which abound in such vast numbers in the 
forests of South America, present an (;xam])le of irregular migration. 
When thc}^ liave devastated a district, tliey are seen in nunnjrous 
hands hounding from branch to branch, in quest of another 
locality more abundant in the fruits which nourish them : and 
after the lapse of another interval, they arc again seen in motion, 
the mothers carrying the young upon their backs and in their 
arms, and* the whole trooji giving itself up to the most noisy 
demonstrations of joy. 
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CllAPTEK II. 

oU*. j\Iii;ratii)H o!‘ tin* IcinininLr.s.-— E)". Vast mi;.';. at ion of f-oM-rnirr of 
Ivuiiitsciialka. — oS. Instincts cunscrvativo of s)j<‘cie.N stioiigor than 
th'i.sf c(iiist‘rv.iti\<‘ of inilividtial.''. — ol>, 40. Jnstincis of inserts for the 
jinscrvati'in of tln ir jM.sthiiiiiou.s otF-'pnnj;. -'-41. 4li. Transformations 
ol insect'' — rrccaiitioiis in the dejx/.sitioijs of — 415. Habitation 

••onslructed by li|>aris e}ir}''orihea for its nouii^. — 4 f. K\ain})h‘K nicU' 
tioned by Keauniiir and l)e,;'cer. — 4o. Expeilicnts for tiie oxcliision of 
li^ht from tlie yonng. — 4b. Kxainple of the coiurnuu white )»uUertly. 
—47. Mameuvres of the "adUy t'» ^^ct its into the liorse’a 

stoinacli — 4S. Tlio iehneuinon.^ — -DE Its use in jircvontiiiL^ liie undue 
multiplication of certain species. — oD. its form and hal'its — Til. The 
nourishment of its luiva-. — b'l. The sexton beetle. — dd. Their pro- 
cesses in burying carcasses. — 54. Anecdote of them related by 
Strauss. — d."). Singular aiieed<tte of the gymnopleuru3 ]»Uulariu4. — 
nb. Such nets indicate reasoning. — Anecdote of a sphe\ told by 
I)arv^iu. — 58. Indications of intelligence in this casi'. — 59, Anecdote 
of a sexton beetle related by Gleditsch. — bO. Indications of reason in 
this case. — bl. Ane'*dote of ants related by Reaumur. — b2. Anecdote 
of ants related by Hr. Franklin. — bd. Anecdote of the bee related by 
Mr. Wailes. — b4. Anecilote of the humble bee by Huber. — 65. 
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Memory of insects. — 6G. Recognition of borne by the bee. — 67. Singular 
conduct of the queen. — 68. liogers’s lines on this subject. — 69. Error 
of the poet. — 70. Anecdote of bees by Mr. Stickney. — 71. Instinct of 
the i)ompilides. — 72. The carpenter bee. 

3G. IiiiiEG UL A It migrations, wliicb arc supposed to be in general 
determined by an instinctive ]>rcscntimcnt of an approaching 
inclement season, are undertaken by small animals called 
lemmings, wliicli have a close analogy to rats, and which inhabit 



Fig. 11 — The Ijcmmiug. 

the mountainous districts of Norway and tlie Frozen Ocean. These 
animals live in burrows, in which, like other similar species, they 
excavate rooms suflieienily si)acioiis, in which they bring up th(‘ir 
family. Tlicir food consists in summer of herbs, and in >vinter of 
lichens. Tlu'y lay up no store, how(‘ver, and collect their supplies 
from day to day. lly an incxjdicable iiistiiicl, they liavo a fore- 
knowleclge of a rigorous winter, during which the frozen ground 
would not allow them to collect their food in the country they 
inhabit. In such ease, they emigrate in iniiuciise numbers, going 
to more favoured climates. This surprising presentiment of the 
character of the season has been frequently observed in this 
s[>ecies. It was especially noticed in 1742. During that winter 
the season was one of extraordinary severity in the ])rovince of 
IJmea, though much mure mild in that of Lula, of wdiich never- 
theless the latitude is higher. It was remarkc'd, on this occasion, 
that tlu; lemmings emigrated from the former province, but not 
from tlio latter. 

On the occasions of such emigrations, countless numbers of 
troops of these animals, sometimes descending from the mountains, 
advance in close columns, always maintaining one direction, from 
which they never allow themselves to bo turned by any obstacle, 
swimming across rivers wherever they encounter them, and 
skirting the rocks wherever they cannot climb over them. It is 
more especially during the night that these legions continue their 
inarch, reposing and feeding more generally during the day. 
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Although groat numbers perish during the voyage, they never- 
theless do immense damage to the districts over 'svliieli they juass, 
destroying all the vegetation which lies in their way, and even 
turning up the ground, and consuming the fresh sown si*ed. 
Happily for the Lapland and Norwegian farmers, the visits of 
these animals arc rare, seldom occurring more than once in ten 
years. 

37. Such migrations, however, arc much more frequently 
periodical, hf iiig determined, as already stated, by the change of 
seasons. Thus, it is found that in sjiriiig, iinraeiise legions of a 
little liehl-mouse, whieh inhabits Kamtschatka, dei)art from that 
country and direct their course towards the Avest. These animals, 
like the lemmings, proceeding constantly in one direction, 
travt'l for hundreds of leagues, and are so iiuiiurous that even 
after a journey of twenty-hv(‘ degrees of longitude, in whieh a 
<*onsiderahle proi>ortioii of their entire number must be lost, a 
single column ofti*n takes more than two hours to pass a given 
point. In the month of October they return to Kaintsehalka, 
where their arrival constitutes a fete among the hunters, as they 
neviT fail to bring in their train a vast iiuiuher of carnivorous 
animals, \\hi<!h supply furs in ahundanee To the inhabitants of 
these regions. 

38. Kalure setnns oven more sedulous for the ]>vesurvation of 
tlie .species than for that of the individual, and wo liiid accord- 
ingly th(j instincts which are directed to the former pur])osc 
more strongly d(‘V(.‘lo2)ed even than those of self-preservation, 
'[’he animal world presents innumerable evatiiples of this in the 
measur(‘s which nearly all species adopt with a view to the care 
of their young. The bird continues often for weeks to saeritice 
all her own ])hasures, find sits Tijmn her eggs almost immovably. 
Before these eggs are laid she constructs with iutinite labour and 
art a place in which she may with safety deposit them, and 
where tin- young which arc destined to issue from them may ho 
shelt(’r(‘d, protccti d, and f(‘d by lier until they liave attained the 
growth and strength necessary to enable them to provide food and 
slielter for themselves. 

39. The same instinct is manifested in a still more striking 
manner by insects. Many of these die immediately after they 
have laid their eggs, and consequently do not survive to see their 
young, of whose condition and wants therefore they can have no 
knowledge whatever by observation or experience. Their bene- 
ficent Maker has, howt'ver, taught them to provide as etfectually 
for the security and well-being of their posthumous offspring, as 
if they had the most complete knowledge of their condition and 
wants. The efiects of this instinct are so much the more remark- 
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able, as ia many cases tlic young in their primitive state of larva 
inhabit an element and are nouri.shed by substances totally 
different from those Avhi(;li arc prof)CT to their parent. 

The instinct which guides certain animals to confer upon their 
young a sort of (‘d luxation, developing faculties and phenomena 
having a close analogy to tliose manifested in the conduct and 
o}>crations of our own minds, nev<!r fails to excite as much astonish- 
ment as admiration, and teacln s, more elo(]ucntly than words, 
bowmucli above all that man can imagine or conceive, that power 
must be whieli lias cn'ated so many wonders. 

JO. Ihit tlie a(;ts wliieh manifest in tlie most striking manner 
the jday of the instinctive faculty, are those already referred 
to by which insects, in the deposition of their eggs, adopt such 
jireeautions as are best ealoulated for the preserA ation of the 
young, Avhicli are destined to issue from these eggs when the pro- 
vident mother is no more. 

'11. To eom])rehend fully this class of acts, it Avill be neccssar} 
to r(‘inind tlie ri'iider that insects in general, before tiny attain 
their ])erfect state, jiass through two jireliminary stages, in whicli 
their lialiits, characters, and Avants are totally different from those 
of the ])ar('nt. The first stages into Avhie.h the animal jiassc's in 
emerging from the egg, is that of the or grub ; and the 

second, that of the ?/?/my>//, or^mpn. 

Not only is the form and extiTiial organisation of the laiwa 
different from that of the insect into Avhich it is di stined to he 
ultimately transformed, but it is gi'iierally iiourislnd by a dilfer- 
ent species of food, and oft(‘n lives in a different element. Tims, 
Avliilc tin' perfect insect feeds njion vegetable juices, its larva is 
often V'oraeiously carniA’orons. While tlie ])erfect instet Iiats 
ehiellyon the Aving in the open air, the larva is sometimes aiiuatio,. 
sonudimes dwtdls on the hairs, or in the integuments, or oa en in 
the stomach or intestines of certain animals. The insect, there- 
fore, cannot be imagined to kuoAV, from any experience, Avhatwill 
be the natural Avunts of the young Avhich are destined to emerge 
from her eggs. 

In many cases, any such knoAvlodgo on her part is still more 
inconceivable, inasmuch as the mother dies before lier 3’'oung 
break the shell. N'evt*rtheless, in all eases, this mother, in 
the deposition of her eggs, is found to adopt all the measures 
Avhieh the most tender and provident solicitude for her young can 
suggest. Jf her young, for example, are aipiatic, she deposits her 
eggs near the surface of Avater. If thc}^ are destined to feed upon 
the llesh or juices of any species of animal, she lays not onl}’’ upon 
the ])articular animal in question, but precisely at those parts 
Avhere the A'ouiig shall be sure to liud their proper nourishment. 
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Jf they are destined to feed upon yegetable suhstaiiees, she deposits 
her eg^^s on the particular vegetables, and the particular parts of 
these vegetables which suit them. Thus, some insects lay their 
eggs upon tile l(‘aves of a certain tree, others in the bark of wood. 
Others again deposit thcmi in the grain or seed of certain plants, 
and others in the kernel of certain fruits ; each and ail selecting 
precisely tliat which will afford suitable food to the larva when it 
breaks the shell. 

*12. lint the ear»: of the tender motlo r dof s not terminate here. 
As tlougli she were aware that she will not lierself be present to 
protec 1 her ollspring from the numerous enemies which will he 
ready fo attack and devour it, she ado])ts the most ingenious 
e-\]>edit nts for its protection. AVith this a it w she envelops her 
eggs ill coverings, Avdiieli ctfectually conceal tin m from the view of 
the eiicmit's to Avhose attack they Avould he exj)o>^ed. In cose the 
; »>ung should be suseeptibh' of injury from tin* iii(demeney of the 
atmosidiere, she wraps u]> the eggs in warm clothing, iuAvhich the 
young larva finds itself Asdicii it emerges from Hu m. 

43. Sonu s])eeies, such, for example, as the Liparis ( 'hrysorrhea, 
envelo]) their eggs in a waterproof covering n.adc* of fur taken 
from tlieir own bodies. They begin b}' forming with it a soft bed 
upon the surface of a branch, upon Avhieli they deposit several 
layers of eggs, which the y then surround witli more fur ; and when 
all are laid, they cover them up with the same fur, the lilamcmts 
of Avhieh, however, arc dillcrcntly disjioscd. Tlu* liairs which 
form theinsid(‘ of tlu‘ nest arc arranged Avitlumt muc*h order, but, 
on the contrary, thost* which form its external covering are art- 
fully arranged like the slates of a house, in such a inaniUT that 
tlie rain Avhieh falls on them luiisl glide off. AVheii the* inothcr 
has finished her Avurk, AA'hicdi oeeu[)i(‘s her from tAventy-foiir to 
forty-eight hours, her body, wdiich before w^as inAosted Avith a 
clothing of rich velvet, is now altogether stripped, and she expires. 

The females Avho thus jirovide for the protection of their 3’oung, 
often have the extremity of their bodies furnisbed Avitb a great 
quantity of fur destined for this use. 

44. Keaumur found one day a nest of this kind, but still more 
remarkable in its structure. The eggs avctc jdaced s])irally round 
a branch, and covered Avith a thick and soft doAvn, each hair of 
w'hich Avas horizontal, Avhicli he described as resembling a fox^s 
tail. 

Dogeer observed a i^roceeding, similar to tliosc described nboAT, 
Avith certain species of aphides, Avhich cover their eggs with a 
cotton-like dowm, stripped from their oAvn bodies by means of their 
hind-feet ; but in this ease the eggs were not enclosed in a common 
bed, but each in a separate covering. 
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45. These precautions seem to he intended not only to protect 
tlie eggs from w(‘t and cold, but also to shade them from too 
strong a light, which would he fatal to the young they contain. 
It is doubtless for the same purpose that so many insects attach 
their eggs to the lower in i)referencc to the upper surface of leaves, 
those which are i)]aoed on the upper surface being generally more 
or less opafjiKJ.* 

4(). eornmon white butterfly feeds upon the honey taken 
from the nectary of a flower, but her larva, less delicate and more 
voracious, devours the leaves of cabbage-jdants. When we see, 
therefore, this insect flying about and alighting successively upon 
various plants, we imagine erroneously that she is in (j^uest of her 
own food, when in reality she is searching for the plant whose 
leaves will form the proj)er nourishment for her future offspring. 
Having found tliis, and liaving carefully ascertained tliat it has 
not be(*n pre-occupied by another of her specie's, she lays her eggs 
upon it and dies. 

47. Th(‘ young of Ihe Gadfly {(ICsfrus Hqut) arc destined to live 
in the stomach of a horse. This being stated, it may well l)e 
asked how the insect fulfils that duty already described, which 
consists in depositing the eggs upon the very spot where the young 
will find their food ; for it can scarcely be imagined that the winged 
insect will fly down a horse’s throat to lay in its stomach. Yet 
the parent accom])lishes its ohji'ct in a mannc'r truly remarkable^ 
Flying round the animal, she lights sueccssivt'ly many times upon 
its coat, d('positing several hundreds of her little eggs at the extre- 
mity of the luairs, to wliieh she gliK's them by a liquid cem<‘nt 
s(‘creted in her body. TJiis, Jiowever, would obviously fail to 
accomplish the purpose of suppl}'ing the young with their proper 
food, only to be found in the horse’s stomach, to which, therefore, 
it is indispensable that the eggs should be transferred. Marvel- 
lous to relate, this transfer is made by the horse hunself, who, 
licking the parts of his hide to which the eggs are attached, takes 
them, or the grubs evolved from them, if they have bec'n already 
hatched, upon his tongue, and swallows them mixed with saliva ; 
thus conveying them to the only place where they can find their 
proper food ! 

But it may bo object'd, that by this process no eggs or grubs- 
would fiud their way to the stomach, save those 'which might 
chance to be deposited upon those particular parts of the horse’s 
body which it is accustomed to lick. There is, however, no 
chance in the affair ; for the insect, guided by an unerring and 
beneficent power, and as if foreseeing the inevitable loss of such of 

* Lacordaire, Int. Eut., vol i,, p. 29. 
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her young as might be deposited elsewhere, takes care to lay her 
eggs on those spots only, such as the knees and shoulders, which 
the horse is sure to lick I 

4S. Ichneumon was a name givi’ii U) a certain species of 
quadrupeds, which Avere erroneously supposed to deposit their 
young upon the bodies of crocodiles, the entrails of Avhieh they 
gradually devoured. The name was transferred by Linnanis to a 
vast tribe of insects, Avhose young are destined to feed upon the 
living bodies of other insects, on Avhieh accordingly the mother 
deposits her eggs. The ichneumons w’ore called by some naturalists 
'Musc(eriht autvSj from tlu' constant vibration of their antenna', by 
Avhieh they AVtre supj)Osed, in some unknown manner, to acquire a 
knowledge of the insects which Avould be tit food for their young. 
This supposition is, hoAvever, ch'arly erroneous, inasmuch as many 
sjK'cies do not manift'st this A’ihratory motion. 

49. The ichneumons are agents of vast importance in the 
economy of nature, by checking the too rapid increase of certain 
species, such as the caterpillars of buttcrllie s and moths, of whicli 
thi'y destny vast numbers. The ])urpose of nature in this is iin- 
mistakcahly manifested by the fact, that the ichneumons increase 
in proportion to the increase of the species they are destined to 
destroy. Thus Nature maintains the equilibrium in the organic 
AA'orld as much by the operation of the destructive, as by that of 
tlie reproductive principle. 

50. The ichneumon is a four- wdnged fly (tig. 12), w'hich takes 
no other food than lioney ; and the great object of the female is to 
discover a proper nidus for her eggs. 

In search of this she is in constant 
motion. Is the caterpillar of a but- 
terfly or moth the appropriate h)ud 
for her young ? You sec her alight 
upon the plants Avhere they arc most 
usually to be met with, run quickly 
over them, carefully examining every 
leaf, and having found the unfor- 
tunate object of her search, inserts 
her sting into its flesh, and there 
deposits an egg. In vain lier victim, 
as if conscious of its fate, Avrithes its body, spits out an acid fluid, 
menaces wdth its tentacula, or brings into action the other organs 
of defence with which it is provided. The active ichneumon 
braves every danger, and does not desist until her courage and 
address haA’e insured subsistence for one of her future progeny. 
Perhaps, however, she discovers, by a sense, the existence of 
W'hich we perceive, though we have no conception of its nature, 
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that she has been forestalled by some precursor of her own tribe, 
that has already buried an in the caterpillar she is examining;!:. 
In this case she leaves it, aAvare that it would not suffice for the 
support of two, and ]>roceefls in search of some other yet unoc- 
cupied. The process is, of course, varied in the case of those 
minute si>ecies, of wliieh si‘V(3ral, sometimes as many as 150, can 
subsist on a siri'^le caterpillar. Tlie ichneumon then repeats 
her operation, until she has darted intcj lier victim the rc(|uisite 
number of eggs. 

51. larva* hatched from the ep^gs thus ingeniously deposited, 
find a delicious banqiu't in the body of tlie caterpillar, which is 
surt* ev('ntually to fall a ^ietim to their ravages. So accurately, 
however, is the supply of food pro])ortioned to the demand, that 
this event does not take; ])laoe until the young ichneumons have 
attained their full growth, wdieii tin* eat(Tpillar either dies, or, 
retaining just vitality enough to assume the pui>a state, then 
linishes its existence ; the ]m]>a disclosing not a moth or a 
butterily, but one or more full-grown iclineumons. 

In this strange and apparently cruel op(‘ration one circumstance 
is trul}* remarkable. The larva of the ichneumon, though every 
day, i)erhaps for months, it gnaws the inside of the caterpillar, 
and though at last it has devoured almost every part of it cxcc'pl 
the skin and inti'stiues, earefully all this time aroids wjurimj the 
rital ur(/ansj as if aware that its own exist('iic(5 de])ends on that of 
the insect on which it jm’cts ! Thus the <*ab rpilhir continues to 
oat, to digest, and to move, apj)arently litlh* injured, to the last, 
and only i)ei'ishes wlu'ii the parasitic grub within it no longer 
requires its aid. Wliat would be tlie impression which a similar 
instance amongst the race of quadrupeds 
would make ujion us r Jf, for example, 
an animal— such as some im])ostors have 
]u-eU‘nded to carry Avithin them — should be 
found to feed u])on the inside of a dog, 
devouring only those parts not essential 
to life, Avhile it cautiously left uninjured 
the heart, arteries, luugs, and intestines, 
should we not regard such an instance 
as a perfect prodigy, as an example of in- 
stinctive forbefirance almost miraculous ? * 
52. The sexton-beetle, or Nccrophorus 
(tig. Ill), when about to deposit its eggs, 
takes care to bury with them the carcass of a mole or some 
other small quadruped ; so that the young, which, like the 

* Kirhy, Iiit., vol. i., p. 2S8. 
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parent, feed upon carrion, the moment they come into existence, 
may have an ahimdant provision of noiirislunent, 

'J'hc measures whicli these insects take to obtain and keep 
llie carcasses upon which tliey feed, and which, as ha'^ i>ern just 
ohser\ecl, also constitute the food of tlieir ottsprinp:, are a cry 
remarkable. Xo sooikt is the eareass of any small th ad animal 
discoven d, such as a bird, a mole, or a mouse, than the sexton- 
beetles mak(‘ their a])pearanee around it to tlie number g:onerally of 
tivo or six. 'fliey iirst earefully ins])eet it on e\ery side, apparently 



Fjp W. — Tmc. Xoc'n'ji’iuruN Jlydropliilu" 1.'*,— Tlic Maiinc Nci'i'oj)liorus, 

fertile purpose of asccrtaiiiinp: its dimensions, its position, and the 
nature of the prrouiid on whicli it reposes. 'J bey tlu n proceed to 
make an excavation under it, to accomplish wliiidi some jiartially 
raise tlie body, while others excavate the earlli under the part 
thus elevated ; the operation being performed with the fore legs. 
By the continuance of this process, going round the body, they 
gradually make a grave under it, into wliieli it sinks ; and so 
rajiid is the princess of excavation, that in a lew lioars the body is 
deposited in a hole ten or twelve inches die]). 'I'lie males 
co-o])erat<' in thi> labour, and after it is accompiislied, the female 
deposits her eggs u])uii the carcass. 

54. Cdarvillc * relates that he liad seen one of those insects who 
desired thus to bury a dead mouse, but tin ding the ground upon 
which the carcass lay too hard to admit of excavation, it sought 
the nearest place where the soil was sutlicieutly loosi? for that 
purpose, and having made a grave of the necessary magnitude 
and depth, it returned to the carcase of the mouse, which it 
endeavoured to push towards the excavation ; but finding its 
strength insufficient and its efforts fruitless, it flew away. After 
some time it returned accompanied by four other beetles, who 
assisted it in rolling the mouse to the grave prepared for it. 

* Cited by Strauss, Considerations Gcn^rales, p. 3S9. 
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tjo, A similar anecdote is related of a sub-genus of the Lamelli- 
comes, called the Oymnopleurua pilulariusj an insect which 
deposits its eggs in little balls of dung. One of these having 
formed such a ball, was rolling it to a convenient place, when it 
fell into a hole. After many fruitless efforts to get it out, the 
insect ran to an adjacent heap of dung, where several of its fellows 
were assemble d, three of whom it persuaded to accompany it to 
the place of tlie accide nt. The four uniting their efforts, succeeded 
in raising the bail from the hole, and the three friends returned to 
their dunghill to continue their labours.* 

t50. It is difficult, if indeed it be possible, to explain acts like 
these by mere instinct, without the admission of at least some 
degree of the reasoning faculty, and some mode of intercommuni- 
cation serving the purpose of language. If such acts were com- 
mon to the whole species and of frequent recurrence, it might be 
possible to conceive them the results of tho blind impulses of 
instinct; but being exceptional, and the results of individual 
accident, they are dejirived of all the characters with which by 
common consent instinct is invested. On the coutrar}^ there are 
many circumstances connected with this, w’hich indicate a sur- 
l)rising degree of reason and reflection. Thus, when the insect 
goes to seek for assistance, it docs not bring back, as it might do, 
from the swarm engaged on the dunghill, an unnecessary number 
of assistants. It ajipisars to have ascertained by its own fruitless 
efforts how many of its fellows would bo sullieient to raise the 
dung-ball. To so many and no more it imj)arts its distress and 
communicates its wishes ; and how can it accomplish this unless 
we admit the existence of some species of signs, by which these 
creatures communicate one with another Y 

57. Darwin relates, that walking one day in his garden, he per- 
ceived upon one of the W’alks a sphex, which had just seized a fly 
almost as large as itself. Being unable to carry off the body 
whole, it cut off with its mandibles the head and the abdomen, 
only retaining the trunk, to Avhich the wings were attached. With 
these it flew away ; but the wind acting upon the wings of the fly, 
caused the sphex which bore it to be w^hirled round, and obstructed 
its flight. Thereupon the sphex again alighted upon the walk, 
and deliberately cut ott' first one Aving and then the other, and 
then resumed its flight, carrying oft* its prey. 

58. The signs of intelligence as distinguished from instinct are 
here unequivocal. Instinct might have impelled the sphex to cut 
off the wings of the fly before attempting to carry it to its nest, 
supposing the wungs not to be its proper food ; and if the head 

* Illiger’s Entomological Magazine, vol. i., i>. 483. 
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and abdomen of all flies captured and killed by the spbex were 
cut off, the aet might he explained by instinct. But when the 
fly is small enough to allow the sphcx to carry it off whole, it 
does so, and it is only ^Yhen it is too bulky and heavy that the ends 
of the body arc cut off, for the obvious purpose of lightening the 
load. With respect to the wings, the detaching them was an after- 
thought, and a measure not eontem])lated until the inconvenience 
produc»*d by their presence, was felt. But here a most singular 
effort of a faculty to Avhieh we can give no other name than that 
of reason, was manifested. 'J’hc progress ot the sphex through 
the air was obstructed by the resistance ]>roduced by the wings of 
the fly which it carried. How is it conceivable that upon finding 
this, and not before, the sphex should suspend its progress, lay 
down its load, and cut off the wings which produced this resist- 
ance, if it did not possess some faculty by which it was enabled 
to connect the wings in ])articular, ratlur than any other part of 
the mutilated body of the fly, with the resistance which it (‘ncoun- 
tored, in the relation of euuse and (dVect To such a faculty L 
know no other name that can b(' given than that of reason, 
although 1 iM'Jidily admit the difHeulty of ascribing such an 
intellectual effort. 

50. Cih'ditseli relates that one of his friends desiring to dry 
the body of a toad, stuck it upon the end of a stick planted in 
the ground, to ])rcvent it from being carried away by the 
sexton -beetle, which abounded in the ])lace. This, however, 
was unavailing. The beetles having assembh^d round the stick, 
surveyed the object and tried the ground, deliberately applied 
themselves to make an excavation around the stick; and hav- 
ing undermined it, soon brought it to tiic ground, after which 
tlu'V not oiih' buried the carcase of the toad, but also the stick 
itself. 

00. Now this proceeding indicates a curious combination of 
circum'^tances whicli it appears impossible to explain without 
admitting the beetles to j)ossess considerable reasoning power and 
even foresight. The expedient of undermining the stick can only 
be explained by their knowledge that it was supporti d in its 
upright position by the resistance of the earth in contact with it. 
They must have known, therefore, that by removing this support, 
the stick, and with it the toad, would fall. This being accom- 
plished, it may he admitted that instinct would impel them to 
bur}’ the toad, but assuredly no instinct could be imagined to 
compel them to bury the stick ; an act whicli could be prompted 
by no conceivable motive except that of concealing from those 

* Phys. Bot. (Econ. Abliand., vol. iii., 220. 
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who mi^ht attempt to save the ]) 0 (ly of the toad from the attacks 
of the beetles, the place where it was deposited. 

01. Amoiif^ the innumerable prools that animals are capable ol 
comparinj:^, and to a certain extent f^eiieralisiiif^ their ideas, so as 
to deduce from them at least their more immediate consequences, 
and thereby to us(‘ expcTicnce as a g-uiclc of conduct, instead of 
instinct, Iteaumur * mentions the case of ants, which being 
established near a bee-hive, fond as they arc; of honey, never 
attempt to approach it so long as it is inhabited ; but if they 
happen to he near a deserted hive, they eagerly rush into it, and 
devour all th(‘ honey which remains there. How can we account 
for this abstinence from the inhabited hive, in spite of the strong 
aj>petite for its exmtents, so plainly manifested in the (;asc of the 
i'lnpty one, if not by the knowledge that on some former occasion 
a rash attack uj)on an inliahited hiv<‘ was visited by some ter- 
rific vengeance on the part of the bees? 

62. Dr. Franklin was of opinion that ants could communicate 
their ideas to each otlicr ; in ])roof of nliicli lie related to Nairn, 
the Swedish travelh'r, the following fact. Having jdaced a pot 
containing treacle in a closet infested with ants, these insects 
found their way into it, and W(Te feasting ^ cTy heartily when 1)0 
discovered thi'in. He then sho«>k tluun out, and susj)ended the 
pot by a string from the (;eiling. Ly elnniee one ant remaimd, 
which, after eating its till, with some diilieiilty found its way U]) 
the string, and thence reaehing the ceiling, escaped by the wall 
to its nest. In less than half an hour a great eoni])any of ants 
sallied out of their holes, climhod the wall, jmssed along ceiling, 
crept along the string into the pot, and began to eat again. This 
they continued to do until the treacle was all consumed, one swarm 
running up the string while another passed down. It seems indis- 
putable that the one ant had in this instance conveyed news of the 
booty to his comrades, who -would not otherwise liave at once 
directed their steps in a body to the only accessible route. t 

(id. A similar example of knowledge gained by experience, in 
the case of the hivc-hee, is related by Mr. Wailes. J He observed 
that all the bees, on their first visit to the blossoms of a passion- 
flower [Passijlora c<n'Hlca) on the wall of his house, -^^ero for a 
considerable time puzzled by the numerous overwrapping rays of 
the nectary, and only after many trials, sometimes lasting two or 
three minutes, succeeded in finding the shortest way to the honey 
at the bottom of the calyx ; but experience having taught them 


* Momoircs, Vi)l. v., p. 709. 

+ Kirby aud S})ence, vol. ii., p. 422. 

X Kntomolugiciil Magazine, vol. i., p. 525. 
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this knowleilj^o, they afterwards constantly proceeded at once to 
the most direct mode of obtaining the honey ; so that ho could 
always distiuguish bees that had been old visitors of the flowers 
from new ones, tlie latter being at a loss how to proceed, 
while the former flew at once to their object. 



04. A similar fact is related of the humble bees by llubor,^ 
who, win n their bodies are too large to enter the corolla of a 
flower, cut a hole at its bar>e with their mandibles, through which 
they insert the proboscis to extract the honey. If thes(‘ insects 
adopted tills expedient from the first, and iuvariablj" followed it, 
the act might be ascribed to instinct; hut as th(‘y liave recourse to 
it only after liaving vainly tried to introduee their body in the 
usual way into the ojx'uing of the corolla, it can scarcely ^be 
denied that they are guidt'd by intelligence in the attainment of 
their end. Tlie marks of experience, memory, and comparison, 
are uiUMpiivoeal. Wlieii tliey iind their eflbrts to (Uiter the lirst 
flower to uhieh they address themselves fruitless, they do not 
repeat them upon otlier flowers of the sairn sort, but directly 
attack the base of the C(n*olla. iluher witnessed sueh pro- 
ceedings ri'inatedly in the case of heau-blossoms, 

(ifj. Insects give proofs without number of the possession of the 
faculty of memory, without which it would be impossible to turn 
to aceount the results of experience. Thus, for example, each 
bee, on returning from its excursions, never fails to recognise its 
own hi\c, even though that liive should be siuToundcd by 'STirioiis 
others in all res])^ets similar to it. 

GG. This recognition of home is so much the more marked by 
traces of intelligence rather than by those of instinct, inasmuch 
as it depends not on any character merely connected with the 

* Philosophical Transactions, vol. vi., p. 222. 
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hive itself, whether external or internal, but from its relation to 
surrounding objects ; just as we are guided to our own dwellings 
by the recollection of the particular features of the locality and 
neighbourhood. Nor is this faculty in the bee inferred from mere 
analogies ; it has been established by direct experiment and 
observation. A liive being removed from a locality to which its 
inhabitants liave become familiar, they are observed, upon the 
next day, before leaving for their usual labours, to fly around the 
hive in every direction, as if to observe the surrounding objects, 
and obtain a general acquaintance with their new neighbourhood. 

()7. The queen in like manner adoi)ts the same precaution 
before she rises into the air, attended by her numerous admirers, 
for the purposes of fecundation. 

G8. This curious examjde of the memory of bees is beauiifully 
noticed by Kogers, in liis poem on tliat faculty. 

“ Iliirk ! the hec winds her small hut mellow horn, 
llliihe to SJilutc the sunny smile of morn. 

O’er thymy downs she bends her busy course, 

And maiij' n sti*eam allures her to its souixie. 

’Tis noon, ’tis night. That eyv so finely wrought, 
beyond the search of sense, the soar of thought, 

Now vainly asks the scenes she left behind ; 

Its orh HO full, its vision so conhneil ! 

"Who guides the ])atient i>ilgrim to her cell '' 

Who bids her soul with eoiiscious triuin])h swell ' 

With eoriscioiis truth retrace the ma/y clue 
Of varied scents that cliannc<l her as slu flew ' 

IliLil, Memory, hail ! thy universal reign 
Guards the least link of being's glorious chain.” 

G9. The port, Jiowovcr, has falh'U into an error, as often liapjions 
when poets derive their illustrations from physiijal seioiice. The 
bee is not recoiiducted to its habitation by retracing the scents of 
the flowers it has visiti'd ; for, if it were, it is obvious that in 
returning it would necessarily follow tlie zig-zag and tortuous 
course from flower to flower whicli it had followed during the pro- 
gress of its labours in collecting the sweets with which it is 
loaded ; whereas, on tlie contrary, in its return, no matter what 
he the distance, it flies in a direct line to its hive. 

70. Kirby mentions the following curious fact illustrating the 
memory of bees, which -was communicated to him by Mr. William 
Stickney, of EiJgemont, Ilulderiicss. 

About twenty years ago, a swarm from one of tins gentleman’s 
hives took ])ossession of an opening beneath the tiles of his house, 
wdience, after remaining a few liours, they were dislodged and 
hived. For many subsequent years, when the hives descended 
from this stock w'cre about to swarm, a considerable party of 
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sooutt} were observed for a few days before to be reconnoitring 
about the old hole under the tiles ; and Mr. Stickney is persuaded 
that if sufiered they would have established themselves there. 
He is certain tliat for eight years successively the descciulants of 
the very stock that first took possession of the hole freejuented it, 
as above stated, and not those of any other swarm ; having con- 
stantl}" noticed them, and ascertained that they w^re bees from 
the original liive, by powdering them while about the tiles with 
yellow ochre, and watching their return. And evtn later 
there were still seen, every swarming season, about the tiles, 
bees w'liich Mr. Stickney has no doubt wtTe descendants from the 
original stock. 

71. Among the instincts manifested by insects, there is none 
more remarkable or more admirable than tha^ already mentioned, 
by whicli certain species provide a store of food for their young, 
which diflers totally from tlieir own aliment, and whicli they 
would tlumselves regard with disgust. Tlie pomjiilides, a 
species resembling W'asps, are endowed witli tliis faculty. Tlio 
insect in its adult state feeds, like the bee, upon lloral juices. But 
its young, in the infant state of larva, i^ carnivorous. The 
provident mother, therefore, 'when she deposits ht'r oggs, never 
fails to jtlace beside eacdi of them in the nest, in a jdacc 
j)rej)ared to receive it, the carcase of a spider or of some eater- 
pillar, which she has slain uith her sting for that express 
purpose. 

7‘-. The earpenUT bee presents another examide of this remark- 
ahh^ instinct, boring 'with inert‘dihle lai)our iu solid wood a 
habitation vliieli, though altogether imsuiiable to itself, is 
adapted with tlie most admirable fitness fur its young. Among 
these, one of tlie most remark- 
able is the Xylucupa rm/omi, 
fig. 17, a large species,* a 
native of middle and southern 
Euroj)e, distinguished by beau- 
tiful wings of a deep violet 
colour, and found commonly 
in gardens, where she makes 
her nest iu the upright pu- 
trescent espaliers or vine- 
props, and oceasionalh' in the 
garden-seats, doors, and Avindow- shutters. In the beginning of 
spring, after repeated and careful surveys, she fixes upon a piece 
of Avood suitable^ for lior purpose, and Avith her strong mandibles 
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Fig 17. — Tlie C.iiiieuter Bee. 


Kirby, vol, i., p. 309, 
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liogins tho process of boring. First proceeding obliquely down- 
wards, she soon points her course in a direction parallel with the 

bides of the Avood, and at length, 
with unwearied exertion, forms a 
cylindrical hole or tunnel, not less 
Ilian twelve or fifteen inches long 
and half an incli broad. Some- 
1im(‘s, Avhen* the diameter Avill 
admit of it, three oi* four ol’ thesi' 
pipes, nearly jjarallel Avitli each 
other, are bored in the same j)ieee. 

Herculean as this task, which 
is the labour of several days, 
apjiears, it is but a small ])art of 
Avhat our industrious bee (dieerfully 
I IS. ol the Cari>c]itcr lice ‘Undertakes, As yd she has com - 

])lc*ted but the shcil of tlu‘ destined 
habitation of her offspring; each of wliicli, to the number of tim 
or twelve, Avill rc(iuirc a separate and distinet'ajiartnu'nt. How, 
you Avill ask, is she to form these ? AVith what materials can she 
construct the lloors and ceilings ? AVhy , truly (j on ‘ ‘ doth instruct 
her to discretion and doth loach her.” 
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Jx ( xcavatiiif? licr tunnol, tlic carpenter L(‘e has detached a large 
quantity of tihn.'s, which lie on the ground like a lu'ap of sawdust. 
This material sup])li(jH all her wants. Having deposited an egg at 
the bottom ol' the eylind(T along with the rcfiuisite store of pollen 
and honey, she jk xI, at Uk; lieight of about tlire(‘-quarters of an 
inch (which is the ihqdh of (‘ach cell), constructs of particles of 
the sawdust, glued together, and also to tlu* sides of th<* tunnel, 
what may he called an annular stage or scatlblding. Whi n this 
is suflicieutly hardened, its interior edg<i atlords siqq^ort for a 
second ring of the same materials, and thus the ceiling is gradually 
formed of tliest' concentric circles, till there remains only a small 
orifice in its centre, Avhich is also (dosed Avith a circular mass of 
agglutinated particles of saAvdust. When this partition, Avhi(di 
servt's as the (veiling of the iirst cell and tlu' tlooi’ingof the st (;ond, 
is linislu'd, it is about the thickui;ss of a crown i)ie(^e, and exhibits 
the ap])earanco of as many (ioncentrie circles as the animal has 
juadi' pauses in her labour. One cell being iinished, she juoceeds 
to another, Avdiich she furnish(‘s and completes in tlu' sanu' maniUT, 
and so on until slie has divided her Avholc tuiULel into ten or 
twelv«‘ ai)artments. 

AVheii the Avork h(‘re des(u*ibed is (jonsidered, it is evident that 
its (‘xecution must roq\iire a long ])eriod of hard labour. Tlie 
several ct Us Tiiiist h(' cut out, their Jloors agglutinated, and tlu'y 
must he each sup]died Avitli a store- of hom-y and ])ulli'ii, tlie col- 
lection and oeeumuhition of Avhich is a labour Avbicdi must 
otMMipy a eonsiderahle interval of tiim ; and as the iggs uri 
d(‘j)osited siieeossively in the cells ace(>rding as they are linished 
and furjiished, it is evuhuit that tliey must he at any given 
moment in Aery ditferent states of ])rogross, the young issuing 
from those iirst deposited many days before the latest break the 
shell. l)Ut since there are ten or tAvclAT such chambers 
verticMilly super[)Osed, and since tlie loAvest are the iirst laid, 
the iieAV-born larva Avould either he condemned to he inijaisoned 
in its cell until the births of all thosi- ahovt' it should take plan*, 
or, in escaping to tlu' cxteiioj*, it Avould have to ])ass through tlio 
chambers of all the others not yet deviloped, and Avould thus 
damage or destroy them. Tlie beiielieeiit Creator of the insect 
has, however, endowed it Avith an instinct Avhicli sup[»lies the 
place of tin- foresight necessary to provide against such a cata- 
strophe. AVitli atlinirable forethought she constructs, besides 
tbc door already nuaitioned leading from cell to cell, anotjier 
oj’ihee in the loAvest cell, Avliicli serves as a sort of postern, through 
Avhieh tin- insects produced from the earliest eggs emerge into day. 
in fact, all the young bees, even the uppermost, make their exit 
]>y lliis road ; for each grub, Avheu about to puss into the state of 
lib 
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pupa, j>lac( s itself in its eell with its head downwards, and is thus 
ni'Oessitated, when arriving; at the perfect state, to pass througli 
the tloor in that direction.* 

7‘h It is es]»ecially in the first moment of their ]i\es tliat 
animals in ^aneral are feeble, tender, and helpless, and have ne('d 
of slu'lter from atmospheric vieissitiidcs, nntl ])roteetinii from the 
attacks of tlieir (Tiemies; and we tind, aceordin^l}", that it is 
precisely tli* s(' directions which have been <;iveii to the most 
iiTcsistihh instincts Avith Avhioli Alraii^hty (ioodness has loidowed 
their parents, d'he nunilxT of species which in niatnri* a^iii'c build 
hahitatioTis for their own use, is insignificant eom]>ared Avith 
thus*' which constiMiet, with a lahour which seems guided by the 
]noxt tuiieliin^- tenderness and forethoiiiihl, habitations for their 
voune-. 


71. This Inihit U especially t>bser\ able Avitli birds. It is inijios- 
sible tn Vizard Avith stoitiments other than those of the most 
])r(>found interest the persevcTauoe amiIi Avliieh th(‘S(‘ (T(‘atures 
hrin^ -stcaw by straw, and liair by liair — 1h(‘ matio’ials destined 
for the formatJoii of their ne^ts, ami the ar< Avith Avhieli they 
arrange them. 'I’he form, structure, and locality of these habi- 
tations i.s alwnAs the same for the same s])eeies, hut diflereiit for 
ditiereiit s]H‘eies, and are ever admirably adajded 1<* tlic circum- 


slaiH'es in which tlie yonn^ family are destined to liv('. 
thes«' cradles nr(' con- 
structed in the ('arlh, and 
in a rude manner ; some- 
tiincN they ar-- eeiiu'ntt'd to 
the side of a reck, or t(»the 
wall of a huildiriLT, hut 
mole commoiilv tiny are 
placed in the branches of 
trei s, a lunnisplu rical form 
l>ein_r aiveii to them (liir. 

TheA resemble, in 
form and structure, a little 
basket, rounded at th<']»ot- 
tom and hollowed out at 
the top, the sideN ,jf whieli 
are foriiU'd of Idades of 
irrass, llexihle straAv*' and 
t^vii:■^, and hairs uiVeij from 
the Avool of animah, tlio 
inside being lined Asith moss or doAvn. 
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75. Sometimes, however, n much more complicated and arti- 
ficial structure is produced. Tlie uest of the haya, a little hiid 
of India, resembling- the hullfiiieh, (li^^ 20,) has the form of a 
flask, and is susjx-nded from some branch which is so llt'xibb- 
that neither serjieiits, monkeys, nor s(]uirrels can approach it. 
But still more efIecln;ilJy to secure the safety of their younp;, tlie 
motli(;r ])hi(;es th(‘ door of tin* nest at tlie bottom, where it can 
only be reached by tlyin*^. This habitation would be liable to 
fall to pieces if it wen^ formed of straws or filaments laid hori- 
zontally ; it is, therefore, constructed with admiraVde skill of 
blades or tilaments arran<j^(‘d longitudinally. int(!rnally it is 
divided into several chambers, the princijial of which is occupied 
by the mother sitting on her eggs ; in another the father of the 
family is accommodated, who is assiduous in bis attentions t(» 
his companion, and Avhile she fullils witli exemplary tenderness 
her maternal duties he amus(*s her with his song. 

7(). Another oriental bird, calh'd the sylvia sutoria, or si-wing 
wood-bird, builds a nest equally eiirious. This little creaturt-, 
cidlecting cotton from the eotton-trei‘, spins if 
with its bill and cIuavs into threads, with 
which it sews leaves round its nest, so as to 
conceal its young from tlu ir enemies (tig. 21). 

77. ])ifl‘erent s])ecies of animals are go- 
verned by social instincts which ^ary, but are 
always conducive eitlu r to th(‘ ]»reservation 
or the \vell-being of tin* indi>i(lual, or to the 
continuance id’ the race. A\'hen the food bv 
which they are nourished is not so abundant 
as to sup]»ort any considerable numbers in the 
same locality — which is general)}' the case 
with the larger spi‘cies of carnivorous animals 
— they are endowed with an antisocial instinct, 
and not only lead a solitary life, but in many 
cases ^\ ill not sufter any animal of their own 
species to remain in their neighbourhood. 

78. Occasionally, how(‘ver, the operation of 
this instinct is suspended. This takes place 
either when a scarcity of subsistence forces 
them to seek for food in places where they 
would be liable to attacks, against w^hich their 
individual force would be insufficient for de- 
fence, or where some large flocks of animals of 

the sort on which they prey happen to conic into their neigh- 
bourhood. In such cases they assemble by common consent in 
considerable numbers, and attaek their prey in a hodv. Thus 
H8 
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wc soc in the winter sc-ason haiuU of wolves, impelled hy hunger, 
descend from the hills or forests and ravage the stock of the 
farmer,— an enterprise on whicli tliey never venture when otlier 
food can be obtained at less risk. In such cases, liowever. w htoi 
tile imiiu‘diute object of their enterprise has been accomplished, 
their antisocial instinct rovixcs, and they disperse, often (juarn Ring 
among tiiemselves. 

7th Various s^iceies which d<» not hahitually live in society, 
n(*vert}i( lcss assembh' in vast numbers, when at (‘ertain seasons 
they make long journeys. This is th(‘ ease generally with migra- 
tory animals. Tlio social instinct is, howevi r, only temporary, 
'•inee, when th(^ journey is completed, and tiny arrive at tlicir 
destination, they disperse. 

S(h 'i'hc migratory jdgions of North America present a remark- 
able examjde of tliis instinct, of temporary and periodical soci- 
ability. These birds, when stationary, ar(‘ dispersed in vast 
uumbiTs ov(*r tin* country, hut wlnu about to migrate, they 
asseinhle in ineoncci\ ahhi numbers, and perform their journey 
togetlur. Hying in a elosi* and deiisi* column m arly a mile in 
width, and six or eight miles in length. Wilson, tlie well-known 
American ornithologist, saw a flock of tln se birds pass ov(t him in 
the state of Indiana, the iiunilK'r of M'hicli lie I'stimated at two 
millions. The eeh'brated Audubon related that one day in fiutumn, 
having h ft his house at Henderson, on the hanks of the Ohio, he 
was crossing an inclosed tracd near llorsdensliurgh, when he saw 
a Right of these pigeons, more than commonly numerous, directing 
their eourst* from tlie north-west tuwards tlie soutli-east. As he 
ajiproached l.ouisville, tlie flock became raort- and more numerous; 
he described its density and extent to be siicli, that the light of 
the suii at neon was intcrecj)te<!, as it would have been hy au 
eclijisc, and tliat tlie dung fell in a thick shower like Rakes of 
^nuw. L'poii his arrival at Louisville, at sunset, ha\'ing travelh'd 
lifty-tive uiih's, the pigeons were still passing in dense Rles. In 
line, this prodigious eolumii continued to pass for three entire days, 
tlie whoh‘ population having risen and resorted to fire-arms to 
destroy tliem. 

The usual habitations of these birds are tlie extensive woods 
which overspread that ^ ast continent. A single Rock will often 
occuj>y one entire forest ; and when they remain there some time, 
their dung is deposited on the ground in a stratum several inches 
thick. The trees are strip! throughout an extent of many thou- 
sand acres, and sometimes completely killed, so that the traces of 
their visit are not cR'aced for many years. 

SI. Of all mamrail»*rs, the Canadian beaver is the most remark- 
able for sociability, industiy, and foresiglit. During the summer 
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it lives alone in burrows, which it excavates on the borders of 
lakes and rivers ; but on the appi’oacli ol’ winter, the animals quit 
those retreats, and assemble to^etlier for the jmrpose of construct- 
iiip: a common luibitatiou ft>r the winter season. It is in the most 
solitary place's that they display theii* architectural instinct. 

82. Two or tJirec liundred having concerted together, select a 
lake or l iver 1<)(> deep to be frozen to the bottom, for tlie establish- 
ment of tlieir dwellings. They generally jirefcr a running stream 
to stagnant water, because of the advantagci it atlords them as a 
means of transjiort for the materials of their habitation. To kee]> 
tluj water at the desired d(;pth, they eommemn- by eonstructiug a 
(lain or weir in a curved form, the convexity lieiiig directed against 
llie stream. This is eonstnmted with twigs and branches, ciirioush 
int(;rlaeed, so as to form a sort of basket-work, the interstiecs 
being tilled with gravel and mud, and the external snriace 
})histered with a thick and solid coating of the same. This 
emhankmeiit, tlu; width of wdiieh, at its base, is commonly from 
twelve to fourteen feet, lasts, when once (constructed, from yeai’ !<• 
year, the same troop of heavers ahvays returning to jiass the wdnter 
und(ir its shelter. Their labours after the lirst season are limited 
to keeidng it in repair ; tiny strengthen it from time to time by 
n(.‘W works, and reston; whatever may he W()ni away by the action 
of the W'eatluT. Il is rendiTed more ])erinanent by a vigorous 
V('getalion, which soon clothes its surface. 

83. Wlierever stagnant W'ater has lieen selected, this ]>reliniinary 
labour becomes niiiieet'ssary, and the animals procc'ed at (.»nee to 
build tluiir village. Jhit, as has been already observed, the\ aie 
subject in that case to an equivalent amount of labour in the 
transport of the materials. 

AVTien this preliminary work has h(‘en completed, they resolve 
themselv(‘s into a certain number of families, and if the locality is 
a new’^ one, each family sets about the const rue-tion of its huts ; 
but if the}' return to the village tliey inhabited a former year, 
their labour is limited to the general rejiair and cleansing of the 
village. 

The cabins eumj>osing it are erected against the dam, or upon 
the edge of the w’ater, and generally have au o\ al form. Their 
internal diameter is six or seven feet, and their walls, like thi' 
dam, constructed of twigs and branches, are jilastered on both 
sides with a thick coating of mud. The cabin, of wliieh the 
loundation is below the surface of the water, consists of a base- 
ment and an upper storey, the latter beiug the habitation of the 
animals, and the former serving as storeroom for provisions. 

The entrance to the cabin is in the basement story, and below' 
the level of the water. 
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It has. boon supposed that the animal uses its tail as a trowa l in 
■building these habitatirm^. It appears, however, that this i^ an 



error, and that they use only their tooth and tije pawN ol Ilnur 
loro- loot. They ub(‘ tlu ir inoisive tootli to out iiic brandies, a]id 
when nooessary th(‘ trunks of tree.s ; and it is witli tlnar mouth and 
their lori'-l'oot Unit tln-y draj»' tliese materials to the place where 
thoy intend to erect their habitation. AVhon they have tbo 
ad'saiita^u* of runniiif!: water, they lake care to out their “wood at a 
l)oint on the banks of the slivaiu above the jilaco nlioio thei are 
about to build. They then jmsh the niatenals into the -watej-, 
foUowin^^ and j;uidiii^ tliem as tiny lloat down Uie stream, and 
lauding them, in tine, at the point selected for tin ii Mila^i . It 
is also with their feet tliat they excavate the foiauiatioii.s <»1 their 
dwellings. Tliese labours arc exeeiited witli gieai i i}>idity and 
diieliy durin;^ tlio night. 

81. The beaver, being a mammilev of Ibo order t>l lode^its, is mie 
ol‘ the olasses to wldoh Cuvier assigns, as has been ah-t ady stated, 
tile lowest degrei- of iutellig-eiice. 11 the varuuis art', here related 
weiv assigned to inteliigeiioe, they would e\inci a luuh degree of 
that faoulty. Cu\ ier, liowt'Vir, (hmonstrati iL eoudu-u cly tliat 
they Were acts altogether iiistinotive. lie took se\eral young 
beavers from their dams, and roared them altogether ajiart from 
their specks, so that they had no means of aoijuiriiia an\ know- 
ledge of the habits aiul manners of their kind, d hi se aiuinals, 
brought up in (ages, istdated and solitary, avIktc they bad iiu 
natural necessity lor building huts, nevertheless, pushed by tin* 
blind and incclianieai force of instinct, availed themselves of 
materials, supplied to tliem for llu- piirjioso, to build huts. 
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In ih(‘ low ( stimalo ofintcllif^^onco assignod hy ( iivier to thr 
hciivcr, other iiiituralisfs concur. ‘*A11 a^rec,” says lluflon, “that 
tins animal, far from luivini;- an intcdlij^ence snjx-rior to others, as 
would iK'cessarily he iJio cast* if his architectural skill were ad- 
mitted to ]}e the result of such a faculty, apjK^ars, on the contrary, 
to he helow most others in its individual tiualities. It is an 
animal, j»-entl<', tranquil, familiar; of jdaintive habits, withoul 
violent j)assions or strong ai>i»etites. AVhen confined it is im- 
])ati(‘nt to recover its liberty, f^iawin*; from time to time the hars 
of its cage, hut doing so without a])parent rage or precipitation, 
and Avith the sole juirpose of making an opening hy Avhich it may 
g(‘t out. It is indifferent; sIioavs no disposition to attaclimont, 
and seeks neither to injure nor to please thost* around it. It secmis 
made for n(*ilher ohedienee nor command, nor c‘ven to have eom- 
meree witli its kind. Th(‘ sj)irit of industry Avhich it displays 
Avlu'u ass(*mhlod in troops, deserts itAvlien solitary. It is deheient 
in cunning, witlioiit ev<‘ii enough of distrust to avoid the most 
obvious snares sjuead for it; and, far from attacking other 
animals, it lias not tlie courage or skill to defend itseUV’ 

Sd. I’lio ])ursuit of the h(*aver has hi en ])ros(‘cuted to such an 
exti'ut in Canada, that the animal has been nearly exterminated 
there, and more recently the trajipers baM* been obliged to i‘xtend 
their excursions in search of them to tlu* sources of the Arkansas, 
in the Kooky Mountains. Tlie snare or tra]) used for catching tin, 
animal is similar to that used for foxes and poh^eats. The 
trappers, Avho make tlu'ir excursions in caravans for mutual pro- 
tection against tlu* attacks of the Indians, ac([uiro such skill, that 
the}' discern at a glance tlu* track of the animal, and can ('Von t(dl 
the iiumbiT which oceup}' the hiit. Tht‘y then sot their traps at a 
few inches ludoAV the surface of tlie Avati'r, and connect them by 
chains to the trunk of a tree, or to a stake planted .sti'ongly in the 
hank. The bait consists of a young twig of Avillow, strip]>ed of 
its bark, the top rising to five or six iiiehi s aboA'e the surface of 
the Avater. Tlie twig has been previously steeped in a sort of 
docoction made from the buds of poplar, mint, camphor, and 
sugar. The licaver, being gifted AA’ith a tine sense of smell, r is 
attracted by the odour, and in touching the tAvig he disengages 
the detent of the trap, and is caught. 

87. The social instinct is not so common among birds as 
with mammifers, nevertheless some remarkable examples of 
it are found, among Avliich may he mentioned a species of 
sparrow called the republican^ Avliieh lives in numerous Hocks 
in the neighbourhood of the Cape of Good Hope. These birds 
construct a roof (tig. 2d), under which tlie whole colony build 
their nests. 



WASP. 


Sn. But it is amoii^' insects we must louk lor the most striking 
manifestations of tlie architectural instinct. 

Tile was]> 1>4.) atiords an e-vaiii])le of this, scarcely less in- 
teri'sting than tlie well-known eccmoniv of tlie bee. Thr little 
animals, tlioiifjjh ferocious and cruel towards their fellow insects, 
an‘ civilised and polished iu their iiitereourso with eaeli other, and 
comjiose a community whose architectural lahours will not sutler 
l>y comparison even Avitli those of 
the ]H‘aceful inhabitants of the hive, 
lake tlui latter, tlieir etibrts are 
din eti'd to the erection of a structure 
for their beloved progeny, towards 
wliieh tliey manifest the greatest 
tenderness and atfectioii. 'fhey con- 
striiet eornbs consisting of hexagonal 
cells f()r their rece]»tion ; hut the 
siihstaniM' they use for this purpose 
Is altogether different from wax, 
and their dwelling is laid out upon a plan iu many n‘spects 
different from that of the bee. 

Sff. 'J'heir eomniunitv consists of niah‘s, females, and neuters. 
\t the commcnccmient of spring a pregnant h'malc, which lias sur- 
vived till' winter, coramences the foundation of a colony destined 
before the* autumn to become a population of some twenty or 
fliirty thousand. Tlie lirst offspring of tliis fruitful mother 
art! tlie neuters, who immediately ajiply themselves to the 
task of eonstrueting cells, and collecting food for the numerous 
members t>f the family who succeed them ; and it is, while 
engaged in this labour, that tliey ari‘ most disposed to avenge 
tliemselves upon all who attempt to inoh'st or interrujit them. 

IK). It is not till towards the autumn that tie* males and 
temales are liroiight forth. The males as wi ll as the neuter 
soon die, and the femali^s surviving, siek .some place <»i reluge in 
which to pass the winter, being jireviously impregnat(*d. 

ffl. The nest of the common wasp, generally built under 
ground, is of an oval form, from sixteen to eighteen inches high, 
and from twelve to thirteen in diameter. 

Another sjiecies builds a nest of nearly the sann^ form, but sus- 
pends it from the branches of trees ; the size of thesi suspended 
nests varying from two inches to a foot in diameter. A si.ction 
of the underground nest of a common wasp is sliown in fig. 25 , 

It is a singular fact that the material of which the wasp builds 
its habitation is paper, an article fabricated by this insect ages 
before the method of making it was discovered by man. 

Witli their strong mandibles they cut and tear from any pieces 
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viiscid liquid secreted in tlieir numllis. Tliey knead this -Nvith 
their juws until tliey form it into a mass of pulp similar pre- 
cisely to that which the* pajicr-inaker produces from the vegetable 
fibre of linen or cotton ra«-s. With this pulp, they Hy off to their 
nests, where, by walkinjj: backwards and forwards, thej" spread it 
out into h'avcs of the necessary thinness by means of tlieir jaws, 
tonjrue, and legs. This operation is ri'peated many times, until 
at lengtli as much of the paper is ]>rodueed as is sutheient to 
roof in the nest. Thi' thinness of this wasp-made paper is about 
the same as that of the book now in the liands of the I't'adm*. 

The coating of the nest consists of lifteen or sixteen leaves of 
this pa])cr placed one outside the other, with small spaces between 
them as shown in the figure, so that if rain should chance to 
tienetrate one or two of them, its progress may be arrested by the 
inner ones. 

The interior of the nest consists of from twelve to fifteen 
horizontal layers of eomh placed one over the other so as to form 
ir>4 


WASPS NEST. 


ns many distinct and parallel storeys. And lierc wc may observe 
in ]»assin^, tlu' ditl’erence between the areiiiteetiiral sy>tem of tlie 
wasp and that of tiie Im'o. The latter builds its cells in Nertii'al 
strata rauired sidi' by side, tlu‘ mouths opening- Ic'n '. ko.m.n -* 
that tlic insects in i)assina: between stratum and stratum ime-' 
<Ti(]) up the intervening; ^ ertical corridors; while tb- . u 

tlic other liand, prehTs lmriz<»ntal corridors, so that in jiassiim- 
between stratum and stratum it ereeps over one and under tin 
otb(T. In short, the iK>sitions ^iven to the ran^^cs of comb 
the Ix-e, ill coiilradistinetioii to tliat luhipted tiy tlie was]», will h^ 
nmhistood by siipjiosin^ tlu- sides «if tin wasp's habitation t; 
n ju esent the top and bottom of tluit ot tlu bee. 

Kacli eomb of tlu* Avasp is cmnpo'.od, as shown in llie ilj^Min*, of 
nnnu'rous assenibla;^e of lu'xa.u'nnal (a lls made of tlie same paper 
Is that alrt'ady described, each cell beiii;; <listinct, witli douldi 
(lai’tition-walls. 'J'liese cells, unlike tliose of tin* hive bin*, an* 
arranged (jnly in a siii^h* row, the open end of eacli ceil b' ln^ 
turned downwards and the upp( r end bein*^^ elosi'd bv' a slie:litl\ 
eoiivex lid, and not 1>\ a pyramidal cov'er like those of tlu* lioju y- 
<;omb. The upiu*r surface of each stratum oi comb is tlc/reloi* 
a continuous tloor formed like an liexau-onal mosaic, the sm I'aei 
bcnii^’ nearly but not ja-rfcctly smoijtb, since; each liL‘xa<^onal pii ct 
is curved slij^btly upwards. 

The open mouths of the cells being picsented downwards, tlu* 
nurses as they CTec*}* along tin* roof of lacb strut nni can ea<d\ 
feed the; young grubs wliieh occupy tlie cells of the stratum imim - 
diately above. The space left between one stratum and allot liri' 
IS about half an inch. 

Kacb stratum of (‘oinb is attaclual at liie sub's of the walls ol 
the nest, but the tonaeity of tlu* paper of wbieb tlu romb is eoin- 
])osed would not be sullieieiit to sustain the weigiit of the stratum 
when the cells are all filled with grubs, 'l lm little areliitt*ets, 
therelbn*, as tliough they had foiescen tins, take care to t*onm.et 
at regulated intervals (*aeh stratum with that below it by sti'oiig 
cylindrical eolunms or jdlJurs. Kacli of tliesc.*, like the columns 
Used in arebili'cture, has a base and a capital, to vvlii(di 
greater dimensions art* given tliaii tliose of tlu* eonneetiiig 
shaft. Tlu*se columns are compostid of paper similar to that 
used for other jiarts ol the nest, but of a mure compact aiul 
stronger texture. Tlie middle strata are connected by a colonnade 
of from forty to fifty of these pillars: the number being lt*ss 
as the dimensions of the strata decrease in going upwards or 
downwards. 

1)3. The process of building this structure is as follows. The 
dome is first completed, as already described, by laying fifteen or 
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sixteen little sheets of paper one under the other, with intervening^ 
spaces at each part of it. Delore the walls are further continued, 
the first or uppermost stratum of eonib is then fabricated and 
attached to the sides by paper cement, and to the roof by a 
colonnade of i)illars. Th(‘ empty cells of this stratum beiii" ready, 
the female bifc Avitli deposits an in each, which is 

retaiiK'd tlien; by bein^^ ag“f3^1utinated to the roof and sides of tlie 
cell : meanwhile, tlu* workers continue their architectural labours, 
first carrying downwards the paper walls as already described, 
and next constructing the second stratum of comb and connecting 
it witli tlie tii'st by a colonnade. 

IM. It must be observed tliat in the* society there is a well- 
organised division of labour. One part of it is employed exclu- 
sively in building, another in collecting food for the young, and 
in tending and nursing tliom, and, in fine, thefemah' in depositing 
eggs in the cells. Since, therefort*, a eomparativt‘Jy small pro- 
portion of the colony is engaged in building, tlu* ])rogress of th<. 
structure is lu'oi'ssarily slow, its entire eomjd(‘tiou being the work 
of several months ; yet, though theresidt of sueh seven* labour, it 
merely serves during the winti‘r as the abode of a few benumbed 
females, and is (*ntirel y abandoned on tlu* approach of the spring, 
was]>s never using the same nest for more than a singh* season.* 

Oo. The cells, which in a po]»ulous n(‘st are not fewer tlian 1 bOOO, 
are of diiier(*nt sizes, corresponding to that of the three orders of 
individuals whicli compose tlio community; the larg(*st for the 
grubs of fenudes, tin* smalh'st for those of workers. Tlu* last 
always oe(*u])y an entire com]), while the (*edls of the males an<l 
females are often intermixed. 

iHi. Desides op(*iiings which are left between tlie walls of the 
(umihs to admit of access fniin one to the other, then* are at the 
bottom of each nest two holes, by one of which the wasps uniformly 
enter, and through tlu* other issue from the nest, and thus avoid 
all confusion or interruption of their common labours. 

97. As the nest is often a foot and a half under ground, it is 
retjuisitc that a coN ored way should lead to its entrance. This is 
excavated by the was[)s, wlio an* excellent miners, and is often 
very long and tortuous, forming a beaten road to the sul) terraneous 
dwelling, well known to the inhabitants, though its entranee is 
concealed from incunous eyes. The cavity itself, which contains 
the nest, is either tlu* abandoned habitation of moles or field 
mice, or a cavern purpos(*ly dug out by the wasps, w'hieh exert 
themselves wdth such industry as to accomplish the arduous 
undertaking in a liwv days.t 

* Reaum. vi. ft. + Rirhy, vol. i. p. 420. 
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OS. M’liile it is incontostalvk' that instinct i^ the j^ivdoniinant 
s.prin^^ of action with the inferior species, it is ueN ertlu lcss impns- 
Nil)le to deny nnuiv auiiiuils the pi»ssi‘ssion of a (-ertain (t -ji. <• of 
intelli^t ‘nee. ^lany art evidently (‘nd<»wed, not only ^\ilh m }nor\ , 
hut even witli judj^ment, and a certain derive of the reas(e,iii,; 
faculty. 

00. Tliat many s])ecics })usscss th(‘ faeult\ of memory in a lii^h 
decree of dc\ (‘lojmieut is evident. Domesticated animals in 
.general know and remember their homes and their owners. A 
hors<‘, ev(‘n after liavin^ made a sinj^le i x<MusioTi IVom Ins stable, 
will reco^rnise tin* road to it on his return, and it is even allirmed 
that ujuui returning after several years’ ahseiiee to a locality whieli 
he has inhahited foi* a sutlieieiit time to hceoim* I’nniliar with it, 
he A\ill af^ain reeo^mise it, and left to hinisc lt will iind his way 
into the stabh; he formerly o<*eupied, and resume the possession of 
Ids former stall. The do<r, the elephant, ami other domeslieatt'd 
animals, reeoiruisc', e\eu after lon^-er intervals, i1ims(> who l.i\(‘ 
treated them well or ill, and manifest aeeordnurl} tlieir y;ratitu(l<‘ 
or their \<‘ngeaiiee. 

100. It happened not hui" since that an eh pliant in one of tin 
eollectioiis imhliely ( \hihited in this count ly, extending bis trunk 
hetwoen the bars of his stall, suddenly struck down with it an 
individual among a crowd of s[>ectators, oh\ioiisl\ selected by the 
animal for the intliction of the blo\v. A eircunistanei' so singular 
excited iiujuir}', more espeidally as it wais seen that the p(‘rson 
attacked had not iu any way at tlie tiiiu' otfemled or rnoh'sh'd tlie 
animal. It was asemdaiiied, liow’ever, iijion impiir}, that ‘*o!iie 
weeks jireviously the same indi\idual liad ^is^t«'(i i1h‘ im nageric, 
and had jiriched the extremity <>1 tbe trunk ot the i n ature witli 
some shar[i instrument, taking eare iu doing so lo be beyond its 
reach. 

101. Even fislics do not ajipear to he altoi^.tlnr (b^stilute of 
meiiiorv, since eels ajiproaeh upon tbe eai! of tie ir keeper. 
Serjteiits in meiiagiTies also maiiilest the same lacull v. 

10*J. The actions by wliieh animals sliow' the exercise of a c<Ttain 
dcgre<‘ ot n asoning are scarcely less numerous. 'I’bus, tlie dog, 
which is kept in a cage, will gnaw tlie bars if tlu'V are <»f w<iod, 
])ut wall ({uieth resign himself to Ids captivit} it t)ie\ are ol iron, 
because he understands that since he can make an impression on 
the bars in the first case by gnawing them, lu* ma\ by coiitiiiued 
eiibrts cut them thnuigh and effect his liberation : hut finding the 
first efforts in tie- oilier case unavailing, lie infers that their con- 
tinuance could IU N er accomplish his object. 

When a dog sees his master put on his hat, the animal infers at 
once that he is going out, and jumping upon him loads liim with 
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cjirossos to induce liis master to lake him as his companion. 
In tliis case there is reasoniu", comparison, jud^ mioit, and a certain 
d(‘i^rce ot‘ j^cneralisalion. The do^j; gettcralises the act of* putting;' 
on the hat, and /w/tfr.v its consequences, lie ronivnibem the act done 
on Jbrmer occasions, and that it was followed hy a walk abroad 
on thfj paid of tlic master, and lie conrlndas that what took ]>lac(* 
hefor<i Avill under like eircumstancM'S ooeur af^ain. 

103. A watch-do^, which was habitually chained to his box, 
found that his collar was lar^e enouf^li to allow him to withdraw 
his head from it at will. U<*dcctinj^, howeviu’, that if lu‘ jiractiscd 
this man(euvre when cx])osed to the observation of bis master or 
k<'(‘pcr, the repetition of the act would be necessarily jirevi nted 
))y th(‘ tij^htenin^^ of tin* collar, be refrained from jiractisin};- it by 
day, but availinj,^ liimself of the exjiedient by ni^dit, roamed 
aliout the adjacent fields whicli were stoekt'd with sheep and 
lambs, some of whieli, on these oeeasions, he would wound or 
kill. I>earin<^^ on his moutli the marks of his misdeeds, he would 
i’o to a nei^^Jihouring' stream to wasli oft' tlio blood, havini*' doni^ 
which he would return to his box before daybreak, and, slijqun^ 
Ills head into the collar, lie doAvn in his bed as though he had 
been there during the night. 

10-1. In the series of oliservatious and exjycrinunts l»y wdiicli 
b. <’uvi(ir demonstrated the gradually iuereasmg share of intidJi- 
g(‘uee given to maminifers, ])roeoeding from th<' lowest to the 
highest s]»eeies, he showed r?’om obserNatioiis made on tlie habits 
and manners of marmots, beavers, scjuirreis, bait's, Ac., tl'al 
rodt'nts in gi-neral do not ])ossess even tlial eomiuon degree <'i 
iiitelligenee which would enable them in all cases ti> recognisi' 
tlu'ir master or to know each otlii'i*. 'j’ho limited intehigi nee of 
the ruminants Avas shoAvn in the case of a luson in tlie menagerie 
of the Carden of Elants, Avliicli having learned to recognise its 
keeper, ceased It) know him Avhen lie changed his dress, and 
attacked him as it Avould liaAa* attacked a strangi'r. The keoiior 
luning resumed his original eostume, Avas instantly recognised 
by the animal. 

Two Ilarharv rams, Avhich occu])ied tlie .same stall, liaAUiig been 
shorn, ceased to recognise each other, and immediately engaged in 
])attle. 

10b. The manners ol the eh'phaiit and horst* are in obvious 
accordance with the rank assigned to them by CiiAuer in the 
order of intelligence. Jhit the [)ig .s]>eeies might seem at the 
first more doubtful. Nevertheless, Cuvier found that it was 

vi ry little inferior to the elephant in sagacity. JIo found 
that the pccari, or South American hog, was as docile and 
familiar as the best trained dog. The wild boar is easily tamed, 
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2 *(*eoj^mscs and ob<ys liis ki‘opor, and is capable of Icamini^ certain 
t'XCTeisos. 

100. Tbo incroasin^^ degToo of intelIi";eneo aseendinrr 
Carnivora to tlio Guadrimiana was clearly cyta})lis]i< d },v th< 
observations of Ciivicr, who found that in accordanet' with li:- 
system, the ourani^-outaiur, of all maiuuiifers, innnihstt'd th- 
hi^liest (le^nTc of intelli.a'eiiee. 

107. A yoiin^ oiiraii^'-oiitani»’, of the aire of lifteon or sixteen 
months, ’SYa^ an <‘S])eeial ohjeet of obst'rvatien and ex]H'riment. 
He showed tlu' ,i»:reat(‘st dusir(‘ for soei. ty, niaTnfestini>> tli(‘ 
stvon^est attachment for those wtm had eliare:<‘ of ]\im. !!(> loved 

to he caressed by them, and used not only to embraces ])ut cv('n 
to kiss Hum. Ho pontod like a child wdu n not allowc‘»l to Ikiao' 
Ids Avay, and tc'stilied liis vexation hy erie^, rolliiu; liimst'll' on 
the ♦’■round, and strikinti' his head n])on it, so as to excite eompas- 
.-<1011 hy hiirtini^ Jiimself. 

This animal us(*d to ainiiM,* itself ])y elim])in^ ii]i tlie trees in 
tlie Garden (»f I'laiits, and perchinj^ on their lo'anclies. ft hap- 
pened one (hiy, tliat tlie kerper attempted to elinih the tree to 
eateli it. 'I’he oiiraii^-ontaii”; immediatel} shook the 1re« witli 
all its force', >o a> 1(* deter tlu* ket'per from mount ini^ it. 'I'lie 
keepe'r tlmn retired, and after an interval returneel, ajiproaehini;- 
tlu' tree, Avlieii tlii' onrani’-oiitani’’ aa‘ain set it^c'lt to shake tlir 
hranehes. “ In wdiate'ver manner,’' says Cu\ ler, “tins (*ondue1 
may Ik* viewed, it Avill he impossildi' not to sc'c m it a eojiihination 
of ideas, anel to Teeoiinise in tln‘ animal ea])ahl( oi it the fiieiilt v 
of iieiUTalisatiem.’’ 

Indaet, Ihe* ourani»'-oiitan_i‘ in tliis case‘ ( AideJitly leasniH'd >)y 
analoiry from hinisrlf to oth* r^. Ih- }i;id ali‘<'a(ly ^ vp' nein i d tin* 
alarm exeitt'd 'ii own mind hy th* \ ioh nt ayiliit'on <!f tlic 
h»*difs on wlii<*h lie was su[»[»orted. lit' ai’mieil, lli.'iei'.wc, from 
the fear ■SAhicll he felt hini'^elf t-' the fear wliieh .itheis Wtmld 
snll’er in like eirciniistanees. in other words, a-, (’aei- r justly 
observes, he (']‘ectetl a ^-eiieral rule upon ih" basis ul a jiai t iciilar 
cire-iimstaiu-e. 

'fliis animal hi iim oiu- day sliut np alone ii; .i tooin, it 
availeel itselt of a eiiaii- Avhich hap]>ened to he phueil at tie ehjor, 
n]>ou Avhi« li it mounted to reach the latch. 'Jo prev( nt this 
mano'uvre the keeper reiiuivi d the chair : hut the aniiual, when lie 
liad departed, x i/ed another chair xvhieh Avas at a ili-taiiee iVoui 
the door, and jdaeiiiL' it under tlie latch, mounted upon it in like 
manner. 

In this case wn' tin il all the indications oi memory, jud'^^ment, 
"cneralisatiun, ami reasoning-. 'J'he ease is totally diti'erent from 
those so freipuntly witnes-ed in the case of animals trained for 
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exhibition. The animal liad never been tau^^ht to mount upon a 
chair to reach the lat(;h ol* the door, nor had he ever seen any 
one do so. It must therefore have been by his own experiencu* 
alone that he learned to ])erform the act. D}' observinf^ tht^ 
actions of his keepers, he learned that chairs could be removed 
from one place to another, (jeneralisinj; this, he inferred that 
he could remove a chair to the* door, lie learned also hy his own 
experience, tliat by mounting on chairs and tables, ho could 
reach objects wbicli were unattainable from tbc Hfjor, and, 
g(‘iieralismg this experience, inferred that he could hy the 
same expedient reacli the latch.* 

It is impossible in cases like thes<' to admit instinct as an 
exjdanation of the phenomenon. The circumstances under whicli 
such acts are performed, and the consequences which attend then), 
art' incompatible with all the conditions iisuolly nttacb('d to the 
faculty of instinct. 

* Milac E(h\ards*s Zoology, p. 2oG. 
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riTAPTEK 1\. 

lUS. Aiu'cdotr.s of tlio Ouraiiu'-Outaii;;.- 1<»1C Analo'^v o| {lie ton o| 

tlio Ouiaiiu'-* Milan;; to that of Alan. — 11<M < >f the hi.i'n to ihf human 
hrain. — 111. JiiU'lligoina* of tin- Wolf. — li-. Anoctloto oi‘ iln- Hawk, 
tin- Cat, tho IHk Of tin- Do^.— 1 i 1. Cf th.‘ Ih-ai. — lir>. 

lnU*llig» IK L‘ of aininaK Uecivasi ^ witli a;r«‘. — 1 1 M. Alan 'li.stini;uislM*(l 
troiii otln r animals by tln‘ of intflligcina-. - I 1 7. r animals 

aio not cmlowod with retlection. — 11s. Inferior aniijial- liav* mothotls 
of intercuMimiiiiieation as a .snltstilub- for laiiizuaL'c. - IT.', hxamiih''. in 
the e.-i"! ^ of marmots, Jlamin;;o*-.>, ;iik 1 ^walh^w^ - - Ijn. Intoioom- 
munieation <-fants. — l*Jl. Kxami>le in their mntnai wars — 1*22 Acts 
w'liieh eannot be exjilained either by instinei or iiitelli'.K nee. — 1*23. 
Carrier*! •igeuns.™ 12T. l)t»iDestieity ami tameness. 

ins. Til i: (uiriiriLr-outani^ liiis lu-en ii subject of (di^ervntion with 
all naturalists wlio liave devoted their labours to tiie invest i; 5 ^atioii 
of the liabits of animals. 

lUilibn records eireunistanees rcsiieetin^* tliis animal that places 
him in close relation witli man. Tims lie has seen liim present 
his hand to visitors to conduct them to the door, walk ;^raveiy 
with them as a frieiiJ or companion would, sit at table and spread 
Ids najikin in a proj>er manner, and wijK* his lips with it, use a 
Lardner’s Museum ok Science. m Itll 
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spoon and fork to convoy food to his mouth, pour wiiu' into a 
j^lass and drink it, take wine Avitli another at the table M'lit n so 
invited, clinkinf^ the ^lass according to the French custom ; lie 
would go and fetch a cup and saucer, put tliem on tlie table, ]>ut 
sugar in tlic cup, jiour tin into it, and leave it to cool before drink- 
ing it, and all this without any prompting on the part of tlie 
master. lie was oiriaimspect in approaching persons, to avoid tlie 
appiairuTKje of rudeness, and used to jircsent himself like a child 
desirous of receiving caresses. 

M. Moureiis found tlie same marks of intelligence in an oiirang- 
oiitaTig in the Garden of Plants. This animal was gentle and 
sensihle to caresses, especially from children, with whom he was 
always delighted to play. 

lie could lock and unlock the door of his room, and would look 
for the key of it. He showed none of the pidulance and imjia- 
tience common to api's. His air was serious, his gait grave, and 
his movemimts measured. 

It apjieart'd one day that an illustrious old savant accompanied 
M. Flounuis to visit the animal. The figure and costume of tliis 
gentleman were singular. His body stoo]K‘d, his gait was feeble, 
and movement slow. 'J'hese ]»cculiarities (‘vidimtly attracted the 
notice of the animal. While he ac(]ui(‘secd with all that w^as 
desired of him, his eye was never withdrawn from his strangi" 
visitor. When they wutc about to retire, the animal, a]>pi*oaching 
the old gi'Utleman, took 'with a certain exjiressiou of archness the 
<‘ane from his hand, and afleeting to supimrt himself u]>ouit, bent 
liis back and hobbled round the room, imitating the gait and ges- 
tures of the stranger, after which, Avith tlie greatest gentleness, 
lie returned to him the Avalking-eane. 

“We quitt<‘d the oiiraiig-outang,’’ says M. Flourciis, “eon- 
\dnced that philosophers are not the ouW observers in tlie W'orld.’’ 

109. "J’hc tdosc analogy of the structure of the oiirang-outang 
to that of mail Avill reiidiT this higli JegT(*e of intelligence less 
surprising. This analogy is evim more apparent in tlie skedeton 
than in the mere external form, as Avill bo seen by eomjmring the 
tig. 28, Avhieh is that of tlie ourang-outaug, ivith tig. 29, which 
is that of man. 

110. An analogy not less striking is apparent in the brain of 
the animal compared Avith the human brain. In fig. 00 a side 
vicAV of the liuiiian hraiii is ]>re.sent(‘d, and in tig. 01 a similar 
view of the brain of the onraiig-outang. 

111. Li'roy had already observi'd in the AA’olf, like signs of 
generalisation, ^^dlen that animal appears, he is pursued, and 
the assemhlage and tumult announer to him at once how much 
he is feared, and all that he lias himself to dread. Hence, Avhen- 
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most scduotivo ])rey will not attract him ; and even when Hk 
CiiTiso of danf^or is not pro sent, the desired object is loiifij rcj^ardt'tl 
with suspieion. The Avolf therefore, observes Leroy, must neces- 
sarily liave ail abstract idea of the danger, since he cannot ln‘ 
supposed to have a laiowlcdge of the snares which arc spread for 
him on any part icailar occasion. 

1 12. 'Phe following curious anecdote of the habits of hawks and 
falcons is related by M. Dureau de la Malle.* 

Tin so birds, wlicn they return from tlie pursuit of their prey 



at the seasou when their young' 



rise on the wing. When the y 


ings have become sufliidenth 
liedgi'd to rise on the viiig, 
bring bm*k iii llu ir talons 
some object, such as a mouse 
or sparrow, wldeli tliey luae 
killed, for the })ur])ose of giv- 
ing a lesson to their young 
in the art of capturing their 
prey. These birds arc ob- 
s<Tved to have peculiar calls, 
wliicb their young understand , 
and whi(di are always repeated 
for the same purpose. M. de 
la Malhg who had a lodging- 
in the Louvre, observed one 
day a male and female falcon 
thus rtdurniiig and bringing 
with them a d(‘ad sj)arroAv in 
tlieir talons. They soared in 
the air over tlieii’ nest, calling 
their younglings Avith the cry 
intended to summon them to 
g birds thus rose, the old ones, 


■* Metiiuire sm- le tlcA'ello]>eiueiit des facultes intellectuelles des Auimaux. 
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soaring vertically over them, h't fall the sparrow, upon whieli tin 
younf^linfj:s poiinet'd. In the tirst attempts, tin' latter inviriably 
failed in seizin^ the sparrow, not heiim yet sufHeieiitlv admit. 
The old birds wotdd then deseeial, aii<l, seizin^^ the p' * \ ri^- 
with it into the air one(‘ imn-e, and let it fall a^Mta Or 

younfr ; nor would they allow the lattd* to de\our it oiUi’i they 
sueceedi'd in catehiinr it as it fell. 

Theso lessons were i)roeTessi\ e. Tin* prey first h t tall 4»n theii 
youmj;lin^s was dead. AVhen tluw had ae(piired sulUeient skill to 
seize this in falling tltroni^h the air, the old nnivnts hmnght livinii 
hirtU, tirst more or h'ss disabled, and alt- r\\a»'ds uniiijnrt'd, upon 
wlii(^h they (‘xercis(‘d their vonTi*^ in tin s.mie inaniK'i*: and this 
was continued until th<' yoiin<t birds wei’e folly ahh* to pursue and 
seize their prey without further praetiee or instnietiioi. 

I'! very one has s('en the eat i;i\eto her kittens simil.ir pn^^ressivt 
lessons. 

She commences hy hitinj^ a nnnist* so as to stoo, or slightly dis- 
able, witliout killinj^ it. She tlieu UIm rates this mouse helor'- hei‘ 
kittens, and (‘ueourai^i's them to piirsin it. tlu' matron eat standing; 
by, aAiii'ilant ol)s(‘r\er of the seem*. If the moose slows an\ 
si^^n of f'sea[)init, she imrae<liat<*ly ])oune< s oimui it, and disables it 
so effoetually, that In-r kittens soon iinish it. 

Aceordiui; to Haubenton, the ea^le <Mrri( s its cimh t aloft 
upon its winj^s, and iettin" it i;-o in mid air, tin s its powirs of 
tlij.;'bt. If its strength fails, the mother is sur-- to he at hand to 
sup])ort it. 

ll.’J. Amon^ the acts of animals which ar'- ohN ions r«‘Solts of 
int( llip:enee and not of instinct, th(‘ hdl(A\iny may ser^ e as 
instructive and interestiiij^ e\am])les* - 

Plutarch n-lates, that a doa: desirim;’ to drink the (ol emitairiod 
in a jiiteher with a narrow nioutb, llu‘ suri;e*e ot l he litpiid beini^ 
so low as to he out of tile naieh of Ids moutti, tlin w p<. iiiiles into 
it, whieh sinkiinr in the oil, eausi d its siirfain to ris«- s<» liii^li tliat 
tlie dog' could lap it up. Acconling to Plutarch, the dt*:: must 
in tliis case Jiavc r» asoned thus; the p<bbl«.s ]>eiiig liea\i<n* 
tlian the oil will sink to the bottom , they will di^jihiee part of 
the «nl, Olid will displace more ami mere tlie more of tin m that 
are thrown in , therefore by throwing in a suflicient niimbe]', the 
surface of tin oil must neeessarily rise to the dog\ mouth. 

114. AI. Fhoireiis ivlates the following aneedol*- of hears in the 
Garden ol Plants — 

It happent'd that those animals multijdied until there wore 
:mtre of them than it was desired to keep, and it was in solved h> 
got rid of two. It was proposed to poison them with prussic 
acid. For this jmrjiose some drop^ of that Ihjuid were poured 
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upon little cakes, which hein/,^ olfered to the hears in the usual 
wa)*, the animals sttjod up on their hind legs, and opened their 
mouths to catch tlicm. moment they received them, however, 
they spat them out, and retired to a remote corner ot their den, 
as though they were Irigliteiied. After a short interval, however, 
they returned to tlie cakes, and pushed them with their paws 
into the water-trougli left to sui)pl 3 " them with drink, and there 
tliej^ carefully w.'islicd tliem by agitating tliein to and fi’o in the 
water. After this tlujy smelled them, and ugain washed them, 
and continued this process until the i)oison was washed off, when 
they ate the cakes with impunity. All tlu* poisoned cukes givtui 
to tlic'in were tlius treated, while all the cakes not poisoned wen* 
devoured immediately. 

The animals which had shown th(‘sc singular marks of intel- 
ligence' were spared the fate to which tlu'y had ju'eviously been 
o'ondemned. 

115. One of the most remarkable eireumstances attending the 
facultj" of intelligeiK'e, obscrvc'd not in tlio oiiraiig-outang, 
hut in all s])eeies of apes, is that its greatest development is 
manifested wlien the animal is young, and that inst-ead of im- 
l)roving, it de creases rapiell}^ with age. The ourang-outaiig when 
3 'emng excites surjuisc l\v his sagaeutj*, cunning, and address. 
JJaving attained the adult state', he is a gross, brutal, aiiel iiitract- 
ahh' animal.* in this, as wi'll as in all otlu'r specie s e>f aj)es, the 
de e'i'oase e)f intellige'iiea' is C'omineu.siirate' with the increase ol 
growth and streiigtli. The intelligeiiee of llie animal, theTcfore, 
Mie'Ii as it is, is not like tliat of man, pe'rfe ctahle. 

ID). It is established, therelore, hv tlie e)bRe'rvatiuns and re- 
searches of naturalists, that intelligcimei is a facultj" common to 
man aiul to inferior animals. Acee)reling to some, man is dislin- 
guislu'd from other animals oiil}- h}" the di'greo in whicli he is 
endowed W'ith this faeultv ; and the dilference of degree is so 
immense, that, before accurate ubservatie)us had proved tlie con- 
trary^, the faculty of intedligcnee was deemed the exclusive gift of 
thi' human race. Others contend that the intelligence of man 
differs from that of animals not imlajree only, hut in hind ; tliat, 
in short, what is called intelligence in animals, is a faculty essen- 
tially different from what is called intelligence in man, and ought 
to have been called by a diffi'rent name. 

The intelligence of animals is limited and stationaiy. It is 
imimprovcablc and incommunicable. The intelligence of man, on 
the contrary, is susceptible of imjirovement without limit, and 


Floiireiis, ‘‘De ITnstiuct et de 1’ Intelligence des Animaux,” p. 35. 
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may bo imparted from individual to individual. It radiates like 
light. Its power of growth and improvement is indeliniti^. 

As we observed before, much of the obhcurit}- and eonfiish>ii 
which has attended all discussion respecting the intelli^i n- r of 
animals, arose from the omission of a sufficiently c1( mi <1 

demarcation between instinct, properly so called, and inlt ilia- ne. . 

The great pur])os('s of instinct are the preser\ation “f the indi- 
vidual and the continuance of the sp(‘cie^. To jdants, which live 
and die witlnnit change of jdacc, the (Tcator ha^ gisen strong 
and elastic tissues to c-nsiire tlie pi'i'servalieii ni the indi\idual, 
and myriads of germs an* put in imniedi if. ja.vta- position ^\Itil 
the organs destined te fecundate theng t • eiisnic the eontiniiance 
of the Species. 

'fe animals, which are endowed with ])ewei-> of loooiuotion, and 
which are tliereb}' exjiosed to nnmeroiis \ icissiiudt s, (iod lias 
given instinct t<i preserve the indi\idnal, to ri pinduee tin sjx'cii'S. 
and to ])er]Ktuate llis work, thus rendering tlicm unconscious 
agents in iiiltilliiig His almighty command to “ increase* and 
multiply."’ 

Instinct is then a gift emanating direct from diviiu' goodness, 
and being a gift, and not a faculty, is iiu'xidie iIjIc. It is a ]>ower 
inseparable from animal life. It.^ dictates iin as imiarious ns 
those of gravitation or magnetism. It can in ither be modi tied nor 
evaded. Tlu* bee constriuds her comb in one mainu r and on one 
]>lan, from which no bee*, old or young, vwr d(*]>arts. The* birel 
builds its nest after a fashion as uiiifeirm, and by a law as rigorous, 
as that by wbieb the lilie*s of tlie tielel jmt lortli tiieir blossoms. 

Xor is man himself more e’mancix>ated Irom the sway of instine*!. 
His first act t)n coming into the wendd is tin instinctive' ^ei/iire ol’ 
the maternal nijiple*. Fear is the instinct oi >, ll-]ij> sir\ation; love' 
that e)f the e*e)ntiuuauee of tlie sj»eeies. 

luteliigcn<*e on the one hanel is the ]»o^\el• of e om]n< he uding the 
consoqueiiees ot acts, and of gi\ing to them a dire(‘tion de‘teriniiied 
h}' the will of the* agent. 

Iteason is the most exalted form of intelligence, so cxaltc-d that 
some coutenel that it ought to he e-uiisidered as a distinct faculty. 
It is by reason that man knows himvell', judges hinis« If, and e on- 
ducts himself. 

Animal" are variously gifted witli intelligence, for they are 
endowed with perception, memory, and eousciousness. 'They are; 
suscejitihle of pas sums and afl’ections, not emly pliysi(*al, hut moral. 
All the human passions, anger, hatred, jealousy and revenge*, 
agitate them. Tliey are devoted, affectionate, grateful, jn’udent, 
circumspect, and cunning. Kindness soejthes and melts them. 
Injury awakens thr ir resentment. The movements of the Virain, 
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like ilioso of the Iminan t'uceplialon, evokes in sleep their wakin;;’ 
tliouf^hts and d(;sires. The do^ of ehaee dreams that he pur- 
sues the hare, and tlie more ]K*aceful follower of the shepherd, 
that he colloids tlie straying^ iloidv. 

The intelli^enei* ol' animals is rigorously limited to the objects 
ot the extiTiud world that are presented to tlu'ir senses. Tlie intel- 
ligence of man has a far wider rani;e. liy the senses it is ])ut in 
ndation with the material world ; by consciousness, with th(‘ inner 
bein^, the soul, and by intuitive iileas and seiitimf>nts with (iod. 

Tlui exalted intelligence of man cunh'rs on eaeh individual a 
eliai*acf(‘r as distinct as liis features. lie ae(|uires from it his 
peculiar habits, qualities, tendencies, virtues, and faults. AVhile it 
iiiaki's him free in one sense, it isolates him in another. Instinct, 
on till' contrary, effaces individual distinction, —ri'diieinp; all to a 
common type. All In aviTs, and all bees, l(‘ad livc's absi»liitel\ 
alike, and may bo regarded as differin:^ no more than tJie units 
wliich make up an abstraid. number. 

117. TJH^ interior animals are midowc d, as we have s(‘en, 
lar^'i'ly with the powm’s of sensation, p(*reej)tion, and memory, 
'fluT als() possess, though in a vc'ry iiderior d(‘;^ree, ])()wers ol 
fMmqiarison, ^emralisation, judj^ment, and foresijjjht. In what 
then, it may bc' asked, consists the mark ol‘ the vast diilerence in 
dcp’i'C of llu'ir in1(‘lli.i:^(‘inH>, as com])nr<‘d with tin- mental jMUvers 
'■xerctised by tlie lininan race. This (piestiou lias liei-n s:itisf;u‘- 
torily answered by tlu' observations and n search(>s of l''r< d( rick 
< 'uvier, f’lonri'ns, and others. Aiteordin^ to tlu'se ]>li} sioloi^'ists, 
animals receive by their senses iniprt'ssions similar to those whieli 
are received by ours. Like us, also, they jireservc and are able 
*0 recall the traces of these iinj>ressions. And such ])(Tceptions 
bein;'’ thus jn’csi'rved, sujijdy for them as for us iiumerons and 
vari<‘d associations. Like us llnv eomhiiu* them, obser> e their 
relations, and deduce conclusions from tluan, and to this extent, 
hut not bc'yond it, the ir intelligence i;oes ; Imt they have not a 
i;limpse ol‘ that elass (*f ideas whieli Loeki' denominates ideas of 
rellection. These, as is well known, are the perceptions which 
man acquires, imt liy his orphans of sense, but by the power with 
which he is endowe'd to render his mind itself, and its operations, 
the subjects of contemplation and perei'ptiou. Man has as clear 
a ])erecj)tion of the facultv of memory, for (‘xample, as he has 
of the (‘oloiirs of tlie rainbow. The scent of a rose is not more 
^lislinct to his apprehension than are liis im utal powers of com- 
parison and induction. In short, his ideas of rellection arc as 
vivid and dotinite as his ideas of sensation, and may, indeed, he 
said to }>e oven more permanent and insi'parahle from his intel- 
lectual existence. He mav be deprived of one or more of his 
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or^^fins of and thus (H-aso to liavo rniy ]>* rcrption of llu 

qiialitifs ])C(Miliar to that origan, sa\o tlioso wliich his ineniory 
may su])p]y, l>ut so lonp; as lu- exists and thinks, nntliinu- 
can deprive him of the immediate perception of tlu‘ ‘'1- -s o; 
reilectioTi. 

Of this class of ideas there is not the sli^litest tra-r ia ’h>' 
inferior animals, and herein lies the line of demai t .it mn 
S(‘])arat('s tlu' linnian race frnm tliein, and jdaees it imineasurahl\ 
abov(' them. Animal inlelhi^enct' n« v< r eonti'm[)late> itself, m^er 
see^ itM-lf, never knows it^df. It uttevty inrapahh* of that 
hii;h faeult}' hy wliieh tlie miml <»f mi!i. as I.oekt olwerves, 

tuni> its vi<‘W inward upon itself.” That llioimlit wliieheon- 
tenijdates it''< If ; that intellieem-i.* witicl* 'i-es it.>tlf, and studies 
itsilf; tliat knowledue whiedi knoM's itsdt, coii'-titute s a distinct 
order of mental jihenoimam towhieh no inti nor animal ean attain. 
Tlu'se eonstiiuti-, M> to speak, the jnir«‘l\ intellee-tiial Avorld : and 
to man alone, here b< low, that world hidon^-'. In a word, tlu' 
animals h-el, know', and think : hut to man alone ol' all er* .ited 
])( iims it is uiveii to feel that he fvels, lo kimw that he knoW's, anel 
tt) thiidv that he tliinks, 

11'^. Of all the instrume nts hy whieh tlie ranine* nf intedlii^cnec 
is enhii'ii’ed, and tlie ]>etwer of reaseui aui;'nH nteal, lan;;iia,i;’i’ is 
assiireellx the* most imjiortant. It is the me . ins hy which feelinL,s 
arc ex’jm'SM'd and knowh-dae inijiartesl. It is the* instriune'nt hy 
which the* ohM'iwation and evpericnoe of indiMiluahs is reiieleTcd 
eoninmii ]H’e»pe-rty. 

Lanaua^e, in tin- only sense in A\hieh it is an instruineail ot 
intellia’cnee, is not the- iner** nieediunical pj-exluetioii ef di^tiiiel 
sounds hy the Vocal oriraTis, for in lliis sense parrots ma\ fee said 
te) lie endeiw'e el with it. It is a eli\ ine ^itt and imt a t e-nlty. Its 
origin has been sought for h\ the harm-d, Imt s^ aulit in vain. 
Like the iiisfiuet of self-]>reservatmn and repreielm ti a, it has hec-n 
an immeeliat'. emanation of elivim- ]>eiw'(r. O'ud made it as Ikj 
made' liuht. lie said, “ Le t man speak,” and man spoke ! 

!Me>st animals liav e Moee, Iml man aieme lias laiu;(iaj^e. If is 
hy lannua_ii:e', mure than any other external eliaraeter, that man is 
distiiu;uishi‘el. 'J’he animals wdiie-h eomi- nearc-'t tej Inm in llieir 
physical e>i’;:anisation, siudi as the ouran»^-onta)ii^ and edlie-r a[)es, 
are a^ eom}»Ktely dejerivi-el of lan,i;ua;^e as those whieli are most 
removed from liim. Man is thus s<‘parated freimthe h.>we r animals 
hy a hottomh-ss abyss. 

So imj)ortant is lanaaia.^o, as a means ed exteiidintr tlie inte lli- 
eenee, that in a nien.il sense it may be said, that lej speak or not 
to speak, is to be or not to be ! 

There cun lu* no deniht in the mind of anv careful observer, that 
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the chief obstacle to tlic extension of the natural intelligenee of 
many animals is the want of language to express their feelings 
and thoughts. It is evident that if the dog or the oiirang-outaiig, 
which was the suhj(‘ct of Cuvier’s experiments, could speak, their 
int(dligencc would l>o Aaistly enlarged. 

Deprived of language, the more; intelligent of the inferior 
animals seem, like the dumb, deejdy conscious of the want, and 
make siipei naturid efforts to supjdy it and to make their sentiments 
understood. For tliis purj^iose they resort to ingeniously modulated 
vocal sounds, to signs and gestures. Each crt;aturc invents for 
itself a sort of pantomimic and highly expressive; language. The 
dog apjH'als to you hy gemtly laying his ])aw upon you, and it 
tliat fail to aAvaken your attention, he stiokes you or taps }'ou 
with it, as if he knew that you wamld thus be more' aj)t io ftcl his 
solicitation. Does the cat desire to have some Avaut sup]dh‘d 
she raises her hack and jjasse^s her soft fur in (‘oiitact with your 
legs, and repeats the a])plication by going round and round you. 
^J'he horse Avaiting at your door, fresh from his stall, and impa- 
tient for air and exercise, expresses his desire by paAving the 
ground Avith his fore-foot. In the pairing season, the male bird 
tries tx> fa.seinate his gentle mat(‘ by spreading out tln^ line hues of 
his jdumage, making circ\iits, and liutteriug around her. 

All animals that have voice at all, nsi; its modulatiims as a 
means of ex]>ression, and render it manifest tliat tliey Avould 
.si)eak if tlu'y could. !Many and ingenious arc tlu‘ artifices Avldeh 
th(‘y use as a substituh* for the admirable instrument of iiitei - 
communieatiori Avitli Avhich man has been gifted. 

llJf. Thus, for exam]>le, in the ease of such mammifers and 
birds as usually assemble in h(‘rds or lloeks, indiAiduals are 
observed avIio, being jdaeed as scntiiuls, Avarn tlieii* companions of 
tlie approach of danger. 

Marmots and flamingoes present examples of this. It is also 
observed with sAvalloAvs, avIio, when their young are menaced by 
an cnemj^, immediatel}" call togidher, h}" their cries of distress, all 
the swallows of the neighbourhood, aaTio ily to the aid of their 
fellows, and unite to harass the animal whose attack they fear. 

120. It lias been Avell ascertained that various species of insects 
have means of intereommunication. I'hc observations of Huber, 
Latreille, and other naturalists, leave scarcely a doubt on tliis 
point. Thus, for example, wheu an ant’s nest has suffered any 
local disturbance, the Avhole colony is informed of the disaster 
AAUth astonishing rapidity ; no appreciable sound is heard, but the 
particular ants who are witnesses of tlie fact, are seen running in 
various directions among their companions. They bring their 
heads into contact, and unite their antennm as tAvo persons 
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would who take cacli other by the hand. All the aiit>. who 
are thus addressed are immediately ohserNed to ehau^e their 
route if they were moving, and to abandon tluir oeeupation if 
they were at work, and to return with those from whom thev 
reeeived the information, to the s<‘em‘ of the disustoi . w’.uh 5 - 
soon surrounded by tliousamls (d these insects, thus hrou^lit iVom 
a distance. 

121. In tile wars M'liieh tlu* }»o|nilatit'H of two iiei;;hl)onrini; ant- 
hills with t'aeh other, seouts ainl outi>osts j>reeede the main 

body of tlie eiu niy, wlio often return to tlie lenders, ^-iving them 
infurmatioii, tlie e(»nseqiienee of which is, .1 total ehan.i^e in tin 
onh r of inareh. In cases where tin se «*»)nfln'ts h< eome doubtful, 
and tliat an army timls itself in danj^er of defeat, the leaders an* 
often s('eu to detach aides-d(‘-e:imp, <»r ordt rly olliet rs, 'who 
return in all haste to tlnnr ant-h.ill, to briiu; U]> n intoreenieiits, 
whieli asseiiilde without delay, and march lo join the main body 
of the army. 

122. lairy^e as theraiic:o of action is, wliich admits of e\}»lanaf ioii 
(‘ither by iiitellipnice or instinct, or by th»' eomhiuatiun of both 
tlu'se fu<‘ulties, some a<*ts still jxnuaiii ot :iu extraordinary cha- 
ractiT wliieh cannot he thus ('.xplained, and whieli would seem 
to im]>ly the existence of some laenlty in certain species of inferior 
animals ol wdiieh man is totally destitute. 

12d. Anion^ tliesc maybe mentioned tlu' curious power with 
'which cei’tain birds, sucli as pij^eons and swallows, are cndoweil ; 
who, after lunu^ traiis]»orted in close boxes to many hundred miles 
from tluir lU'st, take tlij^ht upon beinj; liln rated, and witliout tin* 
least hesitation direct tlunr course townirds tijc place Irom wdiijdi 
they had been taken, with a ]»reeision as nm rnn*; a,^ if it AVeie 
actually within their vi(‘w. In the <*as<- ot do^j-s, ami other 
manimifers, 'who havin':^ been ])rou«^lit to a ^reat distance from 
home find their v.'ay hack, the act is explained In 1*0 rxln'me 
delicacy of their sense of smell ; hut no smdi { .xplaii.'Pion will lie 
admissible in the case of carrier-pigeons, who, haviiu^ hit n hroii;^ht, 
for example, from J.oiidon to IJerliii, and In-in;^ libei'aicd at the 
latter city, instantly direct their course back to the tormer, tlyirif^ 
over the ^Ti'Ut circle of the earth Avhieh joins tie two places. 
Wc are not aware that any attempt has been ma'le to rthr thi^ 
class of facts to any reco:;nised faculty. 

124. Closely connected with instinct and intellij^ouice i^ the 
capability of animals to he tamed and domesticated. 

Naturalists agiee i^enerally that the animals wliieh arc doines- 
ticati d 'svith greatest facility are those which in the wild state 
live in troops or societies. To this there is scarcely a wc41 -esta- 
blished exception. The cat and the pijj are apparent exception^, 
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and more necessary by the benefits he confers ; and having arrived 
at that point, be ventures to employ fear and chastisement, which 
if resorted to 'without the previous measures would have exeited 
resistance and repugnance. 

To tame on animal is not to train him. Tameness is the 
subjugation of those instincts which would render him hurtful 
to those around him. Training is directed to the intelligence 
rather than the instinct. It is an educational process, which 
develops intelligence while it weakens instinct. Savages, while 
they are less intelligent than the civilised, have surer and 
quicker instincts. It is the same with the lower animals. 
Domesticity always enfeebles and often wholly effaces instinct. 

When man educates and trains an animal, he imparts to it a 
ray of his own intelligence. The change is rather that of a new 
faculty created than of an existing one enlarged. It is a trans- 
formation rather than an improvement. 
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1. As an inatroment for popular and general instruction, the 
solar miorosoope holds a high place. Until recently, its use has 
been restricted in these climates, by the circumstance of bright 
sunshine, and a room having a suitable aspect, being conditions 
indispensable for its performance. But by the substitution of the 
oxy-hydrogen light, and more recently still, of the electric light, 
tiie utility and pleasure derivable from this instrument of popular 
illustration have been immensely extended. 

2. The principle of the solar miorosoope is the some as that of 
tile magic lantern, and we must, therefore, refer the reader to our 
Tract upon that subject, for many details, to save the necessity of 
their repetition. The instrument consists of two parts, essentially 
distinct one from the other : the first, the illuminating ; and the 
second, the magnifying part. Since it is desired to exhibit a very 
enlarged opticfd image of a very minute object, and since the light 
which is spread over the image can only be that which falls on the 
object, it is evident, that the brightness of the image will be more 
faint than that of the object, in the exact proportion in which the 
surface of the former is greater than that of the latter. To illus- 
trate this, let us suppose that the object exhibited is an insect, a 
quarter of an inch in length, and that it is magnified 40 times in 
its linear dimensions, the length of the optical image will then be 
10 inches, and its surface will be 1600 times greater than that of 
the object. The light, therefore, which illuminates the object, 
supposing the whole of it to be transmitted to the optical image, 
being di&sed over a surface 1600 times greater, will be 1600 
times more faint. But, in fact, the whole of the light never is 
transmitted, a considerable part of it being lost in various ways in 
passing from the object to the screen. The necessity, there- 
fore, for very intense illumination in this instrument must be 
evident. 

3. If these conditions were not borne in mind, it might appear 
that a magic lantern might be converted into such a microscope, 
by merely increasing the magnifying power of the lenses ; but the 
light of the lamp, which is sufficient to illuminate a picture mag- 
nified 10 or 12 times in its linear, and, therefore, from 100 to 144 
times in its superficial dimensions, would be utterly insufficient, 
if it were rendered 1600 times more feeble. 

4. The illuminating apparatus of the solar microscope consists 
of a large convex lens, upon which a cylindrical sunbeam of equal 
diameter is projected. This lens causes the rays of such a sunbeam 
to converge to a point, and they are received upon the object to be 
exhibited before their convergence to a focus, and at such a dis- 
tance from the focus, that the entire object shall be illuminated by 
them. In fact, the rays may be considered as forming a cone 
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wMoh is cut at right angles to its axis by the slider upon which 
the object is fixed. 

liGt c Cf fig. 1, be the condensing lens ; let f be the focns to 
which the rays would be mode to converge, but being intercepted 

Fig. 1. 


by the slider s s, they are collected upon the small circular opening 
o 0 in the slider, and in this circular opening the small microscopic 
object to be exhibited is mounted between two thin plates of glass. 

Now, it is evident, that the intensity of the light thus projocteA 
upon the object will be greater than that with which it wo^d be 
illuminated without the interposition of the lens c c, in the exact 
proportion of the surface of the lens c c to the surface of the cir- 
cular opening o o. Thus, for example, if the diameter of the lens 
c c be 5 inches, and the diameter of the opening o o half an inch, 
the diameter of the lens will be 10 times, and, therefore, its sur- 
face 100 times greater than that of the opening o o. In that case 
the object would be illuminated with a light just 100 times more 
brilliant than if the sun’s light fell directly upon it, without 
passing through the lens c c. 

It is found convenient in some cases to condense the light by 
means of two lenses. The cone of rays proceeding from c c might 
be received upon another condensing lens, by which its con- 
vergence might be increased. The advantage of this arrangement 
is that the distance of the object from c c, and therefore the length 
of the microscope, is rendered less than it otherwise would be. 

5. There is, however, one practical inconvenience to be guarded 
against in this arrangement. The lens c c, which condenses the 
sun’s light upon the object, also condenses its heat, and if the 
same object be exposed in the instrument for any considerable 
time, it would thus be injured or destroyed. This inconvenience 
may be obviated by the interposition of certain media, which, 
while they are pervious to the sun’s light, are impervious to its 
heat ; such media are said to be athermanous.* 

* From the Greek negaUve a (a) and (th^rm^) heat. 
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By the intcrpoBition of »uch a medium, the object may be pre- 
Tented from receiving any increased temperature whatever. 

It happens that water, which is the most convenient medium 
for this purpose, is very imperfectly pervious to heat, and is ren- 
dered almost completely athermanous by dissolving in it as much 
alum as it is capable of holding in solution. The object, therefore, 
is perfectly protected from the effects of heat, by placing between 
the slider and the condensing lens a cell, consisting of two parallel 
plates of glass, fixed at about an inch asunder, and filled with such 
a saturated solution of alum. The light intercepted by this is alto- 
gether inconsiderable, while the whole of the heat is stopped by it. 

6. The magnifying part of the solar microscope consists of an 
achromatio lens, or combination of lenses, of very short focal 
length ; this being brought before the object, at a distance from it 
a little greater than its focal length, will produce a highly mag- 
nified optical image of the object, upon a screen placed at a proper 
distance before it. 

In the case of the magic lantern, it is not indispensable to incur 
the expense of achromatic lenses, and even the expedients to cor- 
rect the spherical aberration are but little attended to. The 
magnifying powers used in that instrument not being great, and 
the objects exhibited not reciuiring extreme accuracy of delinea- 
tion, the expense which would be incurred in producing large 
lenses free from the aberrations is not necessary. But in the case 
of microscopic objects, where great magnifying powers are applied, 
lenses in which the aberrations are not corrected would produce 
images so confused and indistinct as to be altogether useless. 
Achromatic combinations, therefore, in which the spherical aber- 
rations are also corrected, are in this case indispensable. 

As in the magic lantern, the same lenses may be applied, so as 
to produce different magnifying effects. If the distance of the 
lenses from the object were so great as twice their focal length, 
the image would be projected upon the screen at a distance in front 
of the lens also equal to twice its focal length, and would in that 
case be exactly equal to the object, and consequently there would 
be no amplification at all. As the lenses, however, are moved 
nearer to the object, the distance at which the image would be 
formed and its magnitude would be increased, and this increase 
would go on without practical limit, until the distance of the lens 
from the object would become equal to its focal length, in which 
cose the image, having been enhurged beyond bounds, would alto- 
gether disappear. 

In practice, therefore, the focus of the lens is brought to such a 
distance from the object, that the image upon the screen shall 
have a magnitude sufficient for all the purposes of exhibition. It 
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IS not desirable, however, in any case, to push the amplifying 
power of the instrument too far, l^cause the illumination of the 
image in that case becomes inconveniently faint ; and if there be 
any causes of aberration uncorrected in the lenses, whether sphe- 
rical or chromatic, their effects will be rendered more apparent. 

7 • In the mounting of the instrument, provisions are necessary 
for varying, within certain limits, the distance of the object, as 
well from the illuminating os from the amplifying lenses. If the 
object be very minute, it is necessary that it should be illuminated 
with proportionate intensity ; an^, therefore, that it should be 
moved very near to the focus of the illuminating lens, c c. If it be 
larger, this position would, however, be unsuitable, inasmuch as 
the light would be collected upon a small part of it, to the exclu- 
sion of the remainder. In that case, therefore, the object must be 
brought farther in advance of the focus, f, of the illuminating lens, 
so as to intersect the cone at a point of greater section, and thus 
to receive a light which, though less intense, will be diffused 
over its entire surface. 

The amplification required will bo greater in proportion as the 
object is smaller. For very minute objects, therefore, the ampli- 
fying lens must be brought nearer to the object, and the screen 
must be removed farther from it, while for larger objects, the 
arrangement would be the reverse. 

8. All that has been said on the subject of the screen in the 
case of the magic lantern will be applicable to the solar micro- 
scope, except that, in this case, the method of showing the object 
through a transparent screen is objectionable, because of the light 
which is lost by it, and for other reasons ; and, besides, it is 
useless, that method of exhibition being adapted only for phan- 
tasmagoria, and other similar subjects of amusement. 

9. In what has been explained above, it has been assumed that 
a beam of solar light is thrown upon the condensing lens c c, in 
the direction of its axis. Now it is evident that it could never 
happen that the natural direction of the sun’s rays would coincide 
with that of the axis of the tube of the microscope ; for, that axis 
being necessarily horizontal, or nearly so, the sun to throw its rays 
parallel to it should be in the honzon. Some expedient, there- 
fore, is necessary, by which the direction of a sunbeam can be 
changed at will, and thrown along the axis of the tube. 

The obvious method of accomplishing this is by means of a plate 
of common looking-glass ; such a plate being conveniently mounted 
in front of the condensing lens, may always have such a position 
given to it that it will reflect the sunbeam which will fall upon it 
in the direction of the axis of the tube. 

But since, by reason of its diurnal motion, the sun changes its 
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position in the heavens from minute to minute, the position of the 
reflector, which at one time would throw the light in the proper 
direction, would cease to do so after the lapse of a short interval. 
A proper provision must be made, therefore, by which the position 
of the reflector may be elianged from time to time with the motion 
of the sun in the Armament, so that it shall always reflect the 
light in a proper direction. 

10. A p(‘rsi)eetiv'e view of the solar microscope, mounted in the 
most eflieieiit manner, is given in flg. 2 ; but the principle of its 
performance will be more easily understood by r(‘fcrcnce to the 
sectional diagram in flg. 3, where c c is the condensing lens, n H 
the mirror which receives the sun’s light, and refle(;ts it in the 
direction of the axis of tlie tube. This mirror turns on a hinge, 
by which it may be inclined at any desired angle to the axis of 
the tube ; and a provision is also made by which it can be turned 
^und the axis, so that its jdane may be j)resented in any desired 
direction to the sun : a smaller condensing lens is interposed, upon 
which the rays, converging from c c, are received, and by which, 
with increased convergence, they are projected ui)on the opening 
() o in the slider s s, in which the object is mounted. 

The tube in which the slid(‘r s s is inserted, and which carries 
the smaller condenser, slides witliin another tulx', in the end of 
which the greater condenser c c is sot. Ry this arrangement, 
the section of the cone of light, which falls upon the opening o o, 
may be varied, according to the magnitude of the object. 

The amplifying lens, or lenses, l l, are conveniently mounted 
in a tube, which can be moved within certain limits to or from the 
object, so as to accommodate the focus to the position of the 
screen 1 1, upon which the image is projected. 

Afti^r these explanations, the reader will have no difficulty in 
comprehending the instrument, as shown in perspective in fig. 2. 

A board, a a n, is pierced by a large circular aperture, the 
diameter of which is a little greater than that of the larger con- 
densing lens ; a square brass plate, a a h ft, to which the micro- 
scope is attached, is screwed upon this board in such a position, 
that the condensing lens shall be concentric with the hole in it, 
und, consequently, that the axis of the instrument shall be at right 
angles to the board. 

The plane mirror m, by which the light of the sun is reflected 
along the axis of the instrument, is mounted outside the board 
A A 11 B, moving on a hinge, as already described ; and screws are 
provided at c c', by means of which its inclination to the axis of 
the microscope can be varied at ideasure, and also by which it can 
be turned round the axis, the screw which governs its motion 
moving on the circular opening s i>. By these means, whatever 
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be the position of the sun in the heavens, such a jwsition can 
always be f^iven to the plane of the mirror, that the liglit may be 
reflected along the axis of the microscope. 

The great condensing lens is set in the larger end of the conical 
tube T, and the lesser in the end of the cylindrical tube T ; the 
latter tube being moved within the former by an adjusting screw, 
which ajtpcars at its side. By the second condensing lens, the light 
is collected upon the opening in tlie .slide, which is held between 
tw'o plates N, pressed together by s]>iral bj>rings. 

The tube t' consLsts of two parts, one mo^ iug within the other, 
like thos(' of the tele.scope. 

The amplifying lenses are mounted in a brass ring, K, carried b}' 
the upright piece, i, so that its optical axis shall coincide with 
that of the illuminating apparatus. Tliis oi>tii*al part can bo 
moved to and from the object, by means of a rack and pinion, F, 
attached to the piece n, which .slides in the box o*. 

The structure and principle of the instruiueiit being understood, 
it only remains to exjdain the method of using it. 

11. Th(} room in which the operations are conducted sliould 
ha\ e suflieient depth to allow the .space hetween the microscope 
and the screen, which ,is necessary for the formation of an image 
of the re(|uired magnitude. This space will > ary willi the mag- 
nifying power required, hut in general 10 or 12 feet heyond the 
nozzle of the instrument is suflieient. The room should he rendered 
as dark as possible, to give effect to the imago, which, however well 
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illuminated, is always incomparably less bright than would be 
objects receiving the light of day. Tlie window-shutters should 
therefore bo ean lully closed, and all the interstices between them 
stoppvd. Tf the room he provided with window-curtains, they 
should he let down and carefully drawn. In a word, ever\" means 
should be adoj)ted to exclude all light, exeej^t that which may 
enter through the microscope. 
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An opening being provided in a convenient position in one of 
the window-shutters, corresponding in magnitude with the aper- 
ture in the board a a ij«, tin* latter is screwed upon the window- 
shutter, so that the tw(» openings shall coincide. The mirror m 
will then be outside tlic window- shutter, wliile the instrument 
and its apju'ndagos will be inside. The window selected should, 
of course, be one having such an ex]>osure that the sun’s rays 
can be rellecb'd by the mirror in the direction of the axis of 
th(j tube, 

12. To adjust the instrument, remove the piece x, which sup- 
ports the slider, so that tlie light may pass unobstructed to the 
amplifying hns. Ry varjdng the position of the rellector M, by 
means of the millc;d heads c c', a position will be found in w'hich 
a uniformly illuminated disc will appear on the screen ; this disc 
may be rendered more clear and distinct by adjusting the in- 
strument by means (»f the rack and ])inion attached to the tube. 

When these iireliminary adjustments are made, the ]>iece N is 
rejda(;ed, and an objt!(?t inserted in it ; the instrument being then 
more exactly focussed, a distinct image of the object, ui)on a large 
scale, will be seen on the screen. 

The management of the instrument will vary with the nature of 
the object. If it Ih‘ av('ry transparent one, a strong light thrown 
ujK)n it 'would cause it almost to disappear. The light, therefore, 
in su(;h case, must be so regulated as to producer the image in the 
most favourable manner, which may always easily he accomplished 
by moving the tube r' in and out of tlie tub(‘ t, until tlic d(‘sired 
result is obtained. 

Wlien the experiments are continued for any considerable 
interval, it will Ihj necessary, from time to time, to accommodate 
the reflector m to the shifting position of the sun, which may 
always be done by the milled-heads c c'. This adjustment, liow- 
ever, might be superseded by mounting the mirror M upon an 
apparatus called a Heliostat, the etfect of which is, to make the 
mirror move with the sun, by means of clock-work. Such an appa- 
ratus, however, is expensive, and the adjustment above described 
is attended with no groat inconvenience or difficulty. 

13. The substitution of the oxy-hydrogen, or electric light, for 
the sun in this most instructive instrument, renders those who 
use it, however, altogether independent of the sun, so that it can 
be used for a night as well as a day exhibition. JSinco the method 
of applying to it the electric light has been already described very 
fully in our Tract upon the Magic Lantern, the explanation need 
not be reproduced here. 
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THE CAIMEEA LUCID A. 


1. Origin of the name. — 2. It« u.se. — 3. Method of applying it. — 4. 
Explanation of its principle. — .0. l*recautions in using it. — MethcMls 
of correcting the inversion of the object. — 7. Amici’ s Cjuuera. — 8. 
Magnitude of the ]>ieture. — i>. Application of Camera to the 
microscope. 

1. This instrument, tvliich takes its name by contrast from the 
camcra-obscura, is one of the many gifts of the genius of Dr. 
Wollaston to the arts, 

2. Like the camera-o])scura, its eliief, though not its only use, 
is to enable a draughtsman by the mere process of tracing, to make 
a drawing of an object. 

3. The observer places u|)on it.s table, a sheet of drawing 
pjiper, and the instrument being placed level 'with his eye, he 
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looks into it, and sees the object to which it is directed, and at the 
same time secs, in the same direction, the sheet of paper which is 
upon his table, so that in fact, the object to be drawn, or its 
optical image, is seen projected and depicted on the paper. If he 
take in his hand a pencil, and direct it to the paper, as if he were 
about to write or draw with it, he will see his own hand and the 
pencil directed to the paper upon which tlie object is already 
optically delineated ; and he will consequently be able, with the 
utmost facility and precision, to conduct the joint of the pencil 
over tlic outlines of the object and those of cver}^ part of it, so as 
to make as correct a drawing of it as could be made by the process 
of tracing, in whicli a ])icturc, jdaced under semi-transparent 
2)a])er is traced by a pencil moving over its outlines. 

4. To present the princijde of this contrivance under its most 
tiimple i)oiiit of view, let a jj, fig. 1, he an object whicli would be 

Fitr. 1. 


E' 



seen by the eye of an observer at i:, unde r the visual angle a k n, 
and let r r, be a sheet of paper, placed ujKrn a horizontal table 
before the observer. ]Now let a inece of plane glass, one half of 
which is silvered on the lower surface, be placed at an angle of 45°, 
with the direction in which the object A n is seen, so as to intercept 
the view of it from the eye at E ; the rays of A E and n e, which 
encounter the silvered part of the glass, and which previously pro- 
oceded to E, will now be reflected to o, still, however, retaining the 
same divergence, so that they 'will enter the eye e' of the observer, 
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supposed to look downwards at o, as if they had proceeded from 
A' B'. In this manner the observer, looking from v! towards the 
table, will see an image of the object at a' b', the point A' of the 
image w hich corresponds with the top of the object being nearest to 
him, and the point b', which corresponds wdth the bottom, bt‘iiig 
farthest from him ; so that, in effect, the image will appear inverted. 

Now suppose two lin(‘s. A' o' and b'o', draw n from the extremities 
of the image a' b', to a point o' very near to o, and so as to pass 
tlirough that part of the glass M m' which is not silvered. An eye 
looking from o' would then see the ])art of the i)apcr upon 'which 
the image A' W is projected, and 'would also see ajjencil held in the 
hand of the draughtsman directed to the paj>er. 

If the distance between the points o and o' be- less than the 
diameter of the pupil of the C3'e, the observer looking dow n from 
b' will see at the same time, and in the same position, the image 
A' B' and the part of the paper corresponding wdth it, — for he will 
see the image by the Tiiy& wdiich converge to o, and the paper 
bj" those which converge too' ; the ^effect, in short, will be that he 
will see the image as if it were actiialh^ projected upon the pajicr. 

If the eye be advanced towards the mirror, so far as to cause the 
limiting ray a' o to graze the Iowxt edge of the pupil, the paper 
will be altogether intercepted by the silvered part of the glass 
M m', and the observer, though still seeing the image of A b 
reflected in the glass, wall no longer see it on the paper, and for 
the same reason, he w'ill sec neither his hand nor the pencil, and 
he cannot of course make the drawing. 

If, on the contrarj", the eye be moved from the glass so far as to 
cause the limiting raj^ a' o to graze the upper edge of the pupil, 
the image of a m reflected from n n' will altogethi r disappear, 
and nothing but the hand and the ])encil wdll he sca u, lliese last 
being visible through the unsilvered j)ai’t of the glass. 

o. It is evident, therefore, that in order to enable the eye to see 
the entire image proj<‘cted on the paper, it must be held in such a 
position, that wdiile the limiting ra\' b' o', shall pass within the low^er 
edge of the pupil, the limiting ray A' o shall pass within its upper 
edge. That this maj" take place, it is necessary that the distance 
between the jKjints o and o' shall not exceed the diameter of the 
pupil, and that the eye be steadily held, so that o and o' shall be 
both 'within the pupil. 

Since the average diameter of the pupil is two-teuths of an inch, 
it follows that the distance betw^ecn the points o and o' should 
not exceed that limit, and that any displacement of the head 
which would displace the eye through the space of two-tenths of 
an inch, would remove from view the pencil or image, partly or 
wholly. 
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It will be easy from these consi(ler4ation8 to appreciate the difficulty 
of using this instrument, and the necessity for practice and 
patience from those who expect to acquire facility and expcrtncss 
in its managem<‘nt. 

0. The inversion of the object produced by the reflector m m', 
being inconvenit'nt, a modification of the instrumtmt was con- 
trived, which gives an erect image ; this is accomplished by tlio 
easy and obvious expedient of subjecting the rays proceeding 
from tlu' object to two succ(‘ssive reflections, the first of wliich, 
as described above, would give an inverted image, which being 
itself inverted by tlie second, gives an erect image of the 

ol)j(.‘Ct. 

This is effected by two plane reflecting surfaces if and >i", 
fig. 2, placed at an angle with each other of Hid”; the one m 
being inclined at 22 with a horizontal line, and the otlier at the 
same angle with the vertical line. A ray a n, coming horizontally 
from the object, will fall upon M M' at an angle of 22J®, and being 
reflectt‘d at the saint* angle, will fall upon m", still at the same 
angle, being refl(‘cted from it, in the vertical direction, c d. An 
object A, after the second reiiection, will therefore be seen erect 
upon a level surface, before a draughtsman who stands with his 





face towards a, and stooi)ing over the reflector M' ii", secs the 
image of A in it. 

In some forms of the instrument, the reflections are made by 
a prism, on the principle explained in “ Optical Images,” (24.) 
Thus if one reflection only be used, a rectangular prism is applied, 
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as shown in iig. 3, the ray a n from the object entering the face 
of the prism perpendicularly, and being redeeted at n to the eye 
at c. 

If two reflections be used, a (piadrangular prism, having two 


Fifj. G. 


Fig. 


A. 



angles of G7I”, one right angle, and one of IGo"’, is applied, as 
sliown in tig. 4. The course of the ray from the object to the 
eye being a n e d. 

In the jireceding cases, we have supposed the ob^ervcT to see 
the object by reflection, and tlie paper and ])encil directly ; but 
it is evident that the conditions may as easily be reversed, so that 
tile object may he seen directl}*, and the paper and tlui p(‘ueil by 
reflection. Thus we may suppose the plaile mirror M m' in lig. 1, 
to be silvered in the upiier instead of tin* lower surface, and th(; 
observer looking from E horizontally to see the object directly 
through tlie imsilvered part, while he sees the paper and pencil 
by the reflection from the silvered part. 

This method is in many cases found more convenient than that 
first described. 

7. In some forms of the instrument, the observer looks at the 
object through a small hole made in a jilane reflector, phieed at an 
angle of do'* in the direction of the paper ; the diameter of the 
hole being less than that of the pupil. In this case, while tlie 
object is seen directly through the hole, the jiaper and pencil 
are seen by reflection from the surface of the reflector surrounding 
the hole ; this is the form of the camera-lucida applied to the 
microscope by Professor Amici. 

8. Whatever he tlic form of the camera, the visual magnitude 
of the image projected on the paper as seen by the eye applied 
to the instrument, is the same as the visual magnitude of the 
object seen directly, and this will be the case at whatever distance 
from the camera the paper may be placed. It follows from this, 
that the actual magnitude of the picture projected on the pajier 
will be greater or less according to the distance of the paper from 
the camera, and that consequently the observer, by regulating the 
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distance of the paper, can obtain a picture of the object on any 
scale he may desire. 

To render this more apparent, let c, fi". 5, be the place of the 


Fig. r>. 



ciimcTa, and A ii the object, whose visual angle will therefore be 
A c li. If the paper be placed at v r, the lines c a and c hj drawn 
to the extremities of tlie image upon it, will make the angle a c h 
equal to A c It, so that the visual angle of the image a i, will be 
equal to that of tlio object A n. 

If the paper be now removed to r' r', the visual lines c a, c by 
continued to it at a' //, will still be those which mark the extre- 
niities of the image, whose visual magnitude will therefore bo 
measured by the same angle. But the space which the image 
covers on the paper at r' i*', or what is the same, the actual length 
of the optical picture on the paper, will be greater than at v p, in 
the proi)ortion of a' h' to a b, or what is the same, to the dis- 
tance of p' 1*' to that of P p from c. 

In the same manner it will appear, that if the paper be succes- 
sively moved to greater distances, such as p" p", and r'" p'", the 
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picture will be magnified in its linear dimensions, in the exact 
proportion in which its distance from the camera is increased, 

9. One of the most recent and beautiful applications of the 
camera-lucida, is its a(lai>tation to the compound microscope, by 
means of which, details and lineaments of objects, so miiuite as 
to escape ordinary vision, are de]»ictcd with a precision and 
fidelity only surpassed by tin* results of photography. 

The instrument is ii\ed upon the eye-piece of tlie mii roscope, 
in such a maniu r, that whili‘ the observer looks directly through 
the eye-glass at the object, he sees the paper and pcmcil hy 
reflection, the latter being plaet'd upon the tat)le Indore him. Sup- 
posing th(‘ axis of the miero>eop(‘ to ht horizontal, tlie j)ap(T and 
ixcncil will l>c refiecti'd from a plant* mirror ]>laced at an angle 
of 45" with the vertical, tlie ritlecting side being turned down- 
w'ards. 

The instrument may be so arranged, that the paper may be seen 
directly, and the object by retlection. In this cast*, the mirror is 
also placed at 45^ with the vertical, but the reflecting side is 
presented upw'ards. The rays, proceeding through the eye-glass 
from the ohjoct, are reileeted upwards and received by the 
eye of the observer, which, looking downwards, views tlio paper 
directly. 

In figs. 0 and 7 , is shown tlu* arrangement by which tlie observtT o, 
views the object directly thrtmgh a small hole in the oblit^ue 
reflector, which is fixed upon the eyc-pieco, while he secs the paper 
and pencil by two retiections, the first from the back of tlie prism 1‘, 
and the second from the obliiiuo reflector m ni. The effect is to 
project the image* of tiu* objeei seen in the niierosoopo v, upon the 
image of the paper seen in the refiect(»r tn. 




Fig. r. 




The prism r is interposed in this case to render the image of the 
hand and pencil erect ; a front view of the prism and eye -piece i.s 
shown in fig. (>, and a side view in fig. 7. 

In fig. 8, an arrangement is sho'wn by which the object is seen 
by reflection, and the paper directly. 
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In this case the rays issuing from the eye-piece of the microscope 
are reflected twice successively from the two sides of the prism, 
which are inclined to each other at an angle of 135% as explained 
in (6). 

According to what has been explained in (8), the observer 
can vary the magnitude of the picture on the paper by varying 
the distance of the paper from the prism, without varying the 
magnifying jjowor of the microscope ; and in this way he can 
make a tracing of the object on any desired scale. 
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1. Optical principle of tlie instniincnt. — 2. iiiost coininitn fonn. — 

3. Ma^^nifyiIlg ]>owcr. — 4. rrecautions to Le taken in tho ii.se of the 
instrument. — 5. Pictures on tin* .sli<lerb. — (>. Oprujue screen. — 7 . 
Tran.spareut screen. — 8. Pliantasniagoria — metliud o[ ]>foilucing it. 
—9. Exhibition with two Ian terns. — 10. (hirious optical effects. — 11. 
Dissolving views. — 12. Api»Iication of tlie lantern ‘to tin* j)urpose.s 
of instruction — in history and chroindogy. — 1,‘}. In geoh — 14. In 
.a.stronomy. — 15. Use of solar .system. — 10. (Ireat utility of tlie lantern 
for this purpose, — 17. Views of the stars. — IS. Nebula* ami clusters. 
— 19. Practical example of the utility of tlii.s instruciion,— 20. 
Oxyhydrogen laiiteru. — 21. A]»plicatioii «»f electric liglit to the lantern. 

1, The rtia^ic lantern is an optical instrument adapted for 
exhibiting pictures, painted on plass in transparent colours, on a 
larp^e scale by means of mag-nifying: lenses. 

It has been shown (see “Optical Images”) that when a picture, or 
other object, is placed in front of a convex lens, at a distance from 
it somewhat greater than its focal length, such picture or object 
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will bo reproduced upon a screen, placed at a certain distance 
behind the lens, that distance being greater the nearer the picture 
in front of the lens is to its principal focus. This is the principle 
upon which the magic lantern is constructed. 

2, It varies in form and arrangement, according to its price and 
the circumstances under which it is used, but in general consists 
of a dark lantern hg. 1, within which a strong lamp L is placed, 


Hg. 1. 



having a bent cliimney at the top, to allow the smoke and heated 
air to escape, wliile the light is intcTcepted. In front of the lamp, 
and on a level with its llame, a tube is inserted, in which a large 
convex lens a is fixed, by means of which the light of the lamp is 
(M)ndensed ui)on the jncture jdaced opposite the lens a, by sliding 
it tlirough a groove, c i). From this mode of tixing tlie picture, 
the latter lias generally been called a sliih'r.’’ In the tube 
thus j>rojecting from the lantern, another tube* is tilted sliding in 
it, as one tube of an opera-glass slides in the other. At the end 
of this second tube a convex lens n is set, and tin* tube is so 
adjusted, that tlie distance of Jt from tli(‘ picture shall be a little 
greater than the ft>eal length of the lens n. A large screen F, 
made of wdiite canvas, which is imieh im]>roved by covering it 
with paper, is then jdaced at a distance from J{, and at right 
angh‘s to the axis of the lens, properly adjusting the tube n, 
and the distance of the screen f, the picture uj>ou the slider in c J) 
will he reproduced at E ui)oii the screen, on an enlarged scale. 

It must be observed, how'ovcr, that as the picture will he 
inverted, with relation to the object, it will be necessary to turn 
th(‘ slider in c i) upside down, in order to have the picture on the 
screen in its proper position. 

To increase the illumination of tho slider, a concave reflector 
M is usually placed behind the lamp, by whicli the light pro- 
jected iijion tlie lens A is inen^ased. A better cliect, however, 
may ho i)roduced by simply bending a sheet of white paper or 
paste hoard round tlie inside surface of the lantern, 
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3. With the same lantern, and the same slider, a picture of any 
desired magnitude can he produced. To iiuin^ase the pictui’e, it is 
only necessary to push in the lens i», so as to bring it closer to the 
slider, and to remove the screen ¥ to a greater distance. Hut it 
must be remembered, that every attc?mpt to enlarge the jdeture 
will not only be attended with greater indistinctness, owing to 
s]>herical al>crration, and more appearanct' of colours at the 
<'dges of the figures, owing to chromatic aberration, but also the 
brightness of the picture will be greatly diminished, since it is 
evident that the greater tlie surface o\'cr ubich the light hy 
which the slider is illuminated is diffused, tlui inure faint, in the 
same jiropurtion, will the pieture on such surface be ; and, sinci.; 
the magnitude of such surface iucreases in the same pro}K)rtion 
as tli(‘ square of its linear dimensions, it follows that when the 
pieture has double the height or width, it will be four times less 
bright. (See Tract on “Optical Imag€'s.'’) 

4. The body of the lantern should he large, so that it may not 
become inconveniently heated. The best oil should be burnt in 
the lamp, so as to diminish the smoke and disagreeable odour. 
The glass eliimney of the lamp should be made as high as jKJssible, 
and tlie wdek should be of largo calibre. 

0 . The j)ictures on the sliders sliould he as large as jK>ssible, in 
order to ensure sutHeient illumination on the s(;recri. With a 
given magnitude of picture on the screen, and a given force of 
lamp, the illumination wall be ]>roportional to the magnitude of 
the slider. If a small slider be used to ])roduee a picture on the 
screen of a given magnitude, the eonfusion arising from both 
kinds of aberration wdll be greater than if a larger one wero 
used. 

G. There are tw’o ways of exhibiting the ])ietuivs on a s(*reen: 
in one, the lantern is placed in front of tht' sen eii, with the 
spectators ; in that case the picture is seen by tie* li;rht redt^ted 
fioin the screen, after liaviiig been 2 >i’'>j^‘cled iq^oii it by the 
lantern. 

Care should therefore he taken tliat no light shall penetrate 
through the screen, since all such light would be lost, and the 
jneture on the screen w'ould be proj)ortionally moie faint, A 
screen comjjosed of muslin, or any other textile fabric, w'ould in 
such case be defective, inasmuch as more or less of the light W'ould 
penetrate it. The best sort of screen is one made of strong white 
paper, pasted on canvas, and stretched on a fi-ame, as canvas is 
in a jacture. 

7. When the magic lantern is used for purposes of amuse- 
ment, rather than those of instruction, it is generally found 
desirable to use a semi-transparent screen, the lantern being 
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mounted on one side of tlic* screen, and the? spectators placed on th(‘ 
other, as shown in fi^. 2 (p. 1 93). In this case, the screen should 
be made of white muslin or line cali(;o stretched upon a frame, its 
transparency bein»^ increased hy wetting it well with water. In 
some cases the muslin is prepared with wax or oil, which may be 
convenient to save the trouble of wetting it, but which in other 
res])ccts docs not ariswfT the purpose b(‘tter. 

8. When the ])ietur(‘S are produced through a transparent 
screen, the exhibitor being concealed from the spectators, may 
make tlu m vary in magnitude : lirst gradually increasing, and 
then gradually diminishing. This is accomplish(*d by moving the 
lantern gradually and altcTuately from and towards the screen, 
varying the focus during the motion, so as to render the picture 
ujK)!! the screen always distinct. 

liOt us su])pose for example, that the nozzle of the lantcTn is 
lirst placed in actual contact with the screen. The jucture on the 
screen will then be exceedingly small, and the spectators, to whom 
the screen is invisible, will imagine the object to be at a great 
distance. Let the exhibitor then move bac^k the lantern slowly 
from the screen, keeping the focus constantly adjusted, the 
])icture on the screen will then be gradually enlarged, and the 
impression jn’odiuu'd on the s])ectators will be* that its increased 
magnitude is j^rodueetl hy the gradual approach of the object 
towards them ; and so complete is this delusion, that the rapid 
increase of magnitude of the picture a<‘tually startles even persons 
who are most familiar with the optical causes which juoduee the 
elfeet. It sometimes aj)pears as if the object would ai>proach so 
as to come in actual collision w’ith the spectator. 

When the objec^t seems thus to be brought near the spectator, 
it is made to retire gradually by moving the lantern towards the 
screen, the effect being produced by the gradual diminution of 
the image upon the screen, and this is continued until the nozzle 
of the lantern coming again in contact with the screen, the object 
seems again to be lost in the distance, its magnitude being 
reduced to a mere point. The exhibitor seizes this moment to 
change the picture, displacing one slider by the introduction of 
another, a manonivrc which, M'hcn adroitly i)erformed, will escape 
the notice of the spectators. The new picture is then exhibited in 
the same way. 

Eitects of this kind have been d(*nouiinated “phantasmagoria,” 
from the Greek words <pavra(rixa (jdiantasma), a spectrOf and 
ayopaoiJLat (agoraomai), I incet, 

9. Interesting and amusing effects are produced bj" placing two 
lanterns of equal power, so as to throw pictures of precisely equal 
magnitude on the same part of the same screen. A sliding cover 
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is placed in front of the nozzle of each of tlie lanterns, and these 
are moved simultaneously in sueli a manner, that when the nozzle 
of one lantern is eorajdetely opened, that of the other is completely 
(dosed, so that, accordin;^ as the former is gradually closed. l)ie 
latter is gradually oju ned. 

10. To illustrate this class of effects, which always create an 
agreeable surprise, let us supj>ose that tw(' sliders are jdaced in the 
lanterns, one re])resenting a landseajn* by da}', and tlie other 
representing precisely the same landscape hy night, and let tlie 
nozzle of that wliicdi contains the day landse.ijic he oiH*ned, the 
other being closed: the jueturc on the senn n will then represent 
the xlay landscape. If tlie cove rs of the nozzles he now slowly 
moved, so that that of the lautiTii whicli shows the day landscape 
shall be gradually closed, and that of tlie other shall be gradually 
opened, the ettect on the screen will be that the day-liglit will 
gradually decline, the view assuming, by slow degrei's, tlie appear- 
ance of approaching night. Tliis gradual change will go on, until 
the nozzle of the lantern containing the day ])icturc has been 
completely closed, and that eontaining the night picture com- 
pletely opened, when the change from day to night will be 
accomplished, the picture on the screen being then a night 
landscajH?. 

An infinite variety of amusing effi'cts of other kinds are 
contrived bj" accessories combined with sueli })ictures. Thus, 
for example, u view, exhibiting a laiidsoa]>e in hriglit sunshint', 
becomes gradually clouded and obscuri', and snow begins visibly 
to fall ; the darkness increases, night comes on, the moon rises, 
illuminating the landscape, which now appears eo\'ered with 
snow. The wheel of a mill, which was moved by a stream, 
which seemed flowing in the sun.diiiic, is now at rest, h>adcd with 
snow and icicles ; the stream no lunger hows, hut is frozen. 

All these effects are producetd by two or more lanterns, the 
mill-wheel is a little metal- wheel attaclujil to that part of tlie 
slider on wliich the mill is delineated, and kejit in motion by 
wheel- work impelled by the hand of the exhibitor. The fall of 
snow is produced by a slieet of blackeut'd ])aper, pierced witli a 
multitude of little holes, and moved before the lamp l)\ means of 
rollers at the top and bottom; the light jiassing through the 
holes forms white spots, wliich are projected on the screen, and 
which appear to fall like snow-flakes. The clouds pass over the 
bun or moon, or move from them so as to cover or unveil them, 
by the motion of a second slider behind the first. 

Anothier class of appearances is produced by one of the 
exhibitors managing with address a small supjdemental lantern. 
Thus, for examiile, the i>icture of a castle, with portcullis aud 
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drawbridge, is exliibitcd; tlio portcullis rises, and a knight in 
armour issues from it on horseback, and crosses the drawbridge. 

The opening of the portcullis is in this case produced by a 
moveable jdate attaelied to the slider representing the castle, and 
the figure of the knight is produced by means of a second lantern, 
so skilfully manag('d as to throw the image of the knight upon the 
screen, and to niov(^ it, so as to make it appear to cross the 
drawbiidge. 

11. Tile optical effect ]>roduced by two lanterns working 
togetlier, called dissolving-views, with which the inihlic has been 
renderid familiar, at several of the public institutions in London, 
de[)ends on the alternate opening and closing of the nozzles of two 
lanterns, in the nianiur already described, the mistiness and 
confusion which is exliilnted in the gradual disappearance of the 
one view, and the gradual appearance of the other, arises from 
the circumstance of tlie nozzles of both lanterns being jiartially 
open at the same moment, so that both views, faintly illuminated, 
are projected upon tlu' setroen at the same timi*. The mixture of 
their outline and colours produces the mistiness and confusion, 
with which all s[)eetators of such exhibitions ari‘ familiar. 
According as the nozzh* of the lantern which contains the disap- 
])earing view, is more* and more clos(‘d, and that which contains 
the appearing view imu'e and more open, the latter Ix'comes more 
and more distinct, and b<*comes perfectly so, when tin* one 
lantern is corapletel}' closed, and the otluT is eomidetel)' opened. 

12. These, and innumerable other optical elfeets, are limited in 
their object to the nu're ])urpose of amusement. Without reject- 
ing such lighter use of the lantern, its possessors should not, 
however, forged that it is capable of infinitely more important 
uses. It may be made extrcmtdy useful in impressing upon tin* 
minds of young persons the most important events and epochs in 
history and chronology, hy the exhibition of series of portraits 
and scenes aocom])anit‘d hy observations and comments upon 
them proceeding from an intelligent instructor. Its use in 
conveying general notions of natural history is well known. 
Paintings of the various classes of animals and plants are executed 
sufficiently ’Nvell for the purposes of such instruction, and sold hy 
the opticians at a very moderate ])rice. The use of the lantern 
in this department might be considerably extended, if similar 
]mintings of insects and animalcules, on a magnified scale, could bo 
obtained ; these* being still more enlarged by the lantern, many 
of the eftects of tlie solar microscope might be exhibited, and 
inudi instruction imparted. 

13. In the same manner, the first notions of geology might 
be conveyed by sections of the strata properly painted on the 
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blidors. It is obvious also that tlic fossil animals could be very 
advantageously j)res(.'nted in this way. 

14. Hut of all the departments of instruction for young persons, 
that to which the magic lantern lends itself most hap[>i]y is 
astronomy ; and liere the artists have already prepared adiuirabb 
sets of sliders, whieli can be obtained at moderate prices, and 
convey, in a most pleasing manner, most important instructi(»n. 
Thus, the annual and diurnal motion of the earth, with the 
vicissitudes of day and night, and the succession of the seasons, 
arc ex.ecuted by means of a slider jirovidofl with mechanical 
expedients for ])roducmg the several efliets. In the same 
manner, sliders are adajited to sliovv the etlects of the sun and 
moon in producing tlie tides of the ocean ; the motions of the 
planets round the suii ; solar and lunar eclipses; the motions of 
comets, with the development of their tails, and in a woial all the 
principal motions of tlie bodies composing tlu' solar system. 

lo. A class of astronomical objects, W'hich woidd su])ply highly 
interesting and instructive subjects of optical i xliibition with 
the lantern, would he ti'leseopic views of tlu‘ sun, moon, and 
planets. The spots on the sun well delineated, as they might be, 
the remarkable lineaments of the moon, showing so conspicuously 
the inequalities of its surface, the peculiar appearances exhibited 
by the disc of Mars, on which tlio polar snow is visible, and the 
outlines of land and water faintly apparent, the atmospheres of 
Jupiter and Saturn, stratified hy their atmosplieric currents, so 
as to produce belts, the triple ring of Saturn, the? motions of tin* 
satellites of Jupiter and Saturn, showing their eclipses, are 
severally phenomena which might easily be exhibited witli the 
lantern. Sumo of these have been already attiinpted by the 
opticians, but iu a manner that had better have been left alone. 
The telescopic views of the planets given upon tlie common 
sliders are worse than vv^orthlcss, since tlie}* jiroduce most 
erroneous notions. Tlie view of the moon usually given is less 
objectionabh' ; nevertlu'less, nothing would be more easy than to 
get proper sliders painted from good originals, whieli are easily 
obtained. Excellent telescopic views of Mars, Jupiter, and 
Saturn have been reproduced in my w’ork on astronomy from the 
original drawings of ^liidler, Herschel, and other authorities. I 
have giv en them on a scale such that they could he transferred to 
sliders without difficulty ; Saturn with his rings 1 have also 
given from the original drawings of the most recent observers. 

Various views might be given of different parts of tho moon’s 
surface, and of the solar spots ; these I have also given on 
a proper scale from the originals of PastorfF, Madler, Herschel, 
and others. Comets, with their extraordinary changes of form 
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and appearance, would also form an interesting series of astro- 
nomical objects. 

16. Thoso who have not practically tried the effects of such a 
mode of instruction can witli difliculty imagine the extent and 
variety of information that ma)^ be imparted by it, the facilitj^ 
with which it is ac<|uired, and the tenacity with which it is 
retained. For the acquisition and retention of knowledge there is 
no organ like tlic cy(‘. The most able and clear-headed instructor, 
using his b(‘st exertions by oral instruction, will never impart so 
clear a notion of the motions of the heavenly bodies, or their 
teleRcoi)ic apjauranee, as that which may be obtained by the 
ocular, ev(‘n though silent lessons of the magic lantern. Rut if 
the exhibition produced by that instrument be accompanied by 
])roj)cr oral comment and exposition, there are no means of 
instruction with which I am acquainted, suitable to young 
persons, that can ai)proach to it. 

17. Passing beyond the solar system, the starry firmament 
supplies an endless series of objects tor optical exhibition with 
the lantern. ^J'he jmpil enn with the greatest facility be rendered 
familiar with th(i constellations, and the teacher may make for 
himself the sliders, Ijct him ju’ovide three or four pins of 
difierent thicknesses, and let him mark u])on thick paper or past(‘- 
board the arrangeiiu'ut of the stars in each principal constella- 
tion, which he can easily do by the aid of any celestial maps, and 
for this pur])ose I would recommend Proi’essor de Morgan’s 
“ (luide to the Stars.” Having thus marked out the constella- 
tions, h‘t him pierce, with the thickest of the ])ins, holes cor- 
responding with the jdaces of the stars of the first magnitude. 
In tlie same manner, holes i’or stars of the second magnitude 
will be pierced by the next sized pin, and so on. The paper thus 
pierced being ])asted on slips of glass, may be used as sliders. 

18. It is scarcely neet'ssary to add, that telescopic views of the 
nebuhe and stellar clusters may be produced and applied in the 
same manner. 

19. In recommending thus cmj)batically the magic lantern as 
an instrument of instruction for the young, I s])eak from prac- 
tical knowledge of its effects, liaviiig a]>plied it in the^ case of 
my own children, and obtained all the results which I have here 
indicated. 

20. For family and school purposes, a good lamp is the most 
convenient means of illuminating the sliders ; but w^here exhibi- 
tions are produced before larger and adult audiences, other and 
more effectual means of illumination are resorted to. For several 
years, the lanterns by wdiich dissolving-views, and other efiects, 
have been produced at the public exhibitions in London, have 
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been illuminated by the oxy-ln'drogen light. The manner in 
which this illumination is produced wdll be explained more fully 
in another part of the Museum. Meiinwhile, we may briolly 
state here, that the light proceeds from a ball or cylinder ot lime, 
which is rendered incandescent, or white-hot, by the Hame of n 
blow-pij)e, from which a mixture of oxygen and hj^drogen gases, 
in the proportion in which these gases produce water, issues. 

It might be imagint'd that the light produced by a piece of 
solid matter like lime, howoN er intensely heated, could m ver be 
brilliant enough to produce a strong illumination ; nevertheless, 
the light radiated from the lime in this case was the most intense 
artificial light which had ever been ]>r»)duced until the invention 
of another, which we shall presently noticA‘. 

In the oxy-liydrog(‘u lanterns, the eylindi i* of lime is mounted, 
so as to occupy the place of th(‘ Hame of tlu* lamp in the axis of 
the lenses. The Hame of the blow-pipe is projected upon that 
side of it which is presented toAvards the lenses, and since the 
lime, though it docs not undergo com])Ustion, is gradually wasted 
by the action of the Hame, it is ke])t in slow revolution by clock- 
Avork, connected Avith the axis upon which it is RupiK>rtc‘d, so as 
to present to the flame successively difTcrent ])artR of its surface. 

21. This method of illumination, though still continued, is 
greatly surpassed in splendour by that of the oh'ctric light, Avhich 
has recently been applied to the magic lante rn by Mr. Dubose, 
the successor of Mr. Soleil, the celebrated Paris optician. 

The electric light, which Avill be mort* fully described in 
another part of this series, is jiroduccd by bringing two piece's of 
charcoal, previously put in connection with the poles of a Voltaic 
battery, nearly into contact; the Voltaic current will then pass from 
one to the other, the ends of the charcoal thus nt'arly in contact 
becoming incandes<^ent, and emitting the most brilliant artificial 
light which has ca er yet been produced. 

The method of mounting this illuminating apparatus in the 
laiittTn is shoAvn in fig. IL 

The wires ii k, being connected Avith the polos of the battery, 
are attached to tAVo ])ieces of metal, the negative wire ii com- 
municating Avdth the uplxjr pencil of cliarcoal c, and the positive 
Avirc K Avith the lower charcoal pencil a. The points of the 
pencils being nearly in contact, the light Avill be produced in the 
manner just explained. 

Although the charcoal does not, properly speaking, undergo 
much combustion, it is gradually wasted, and when the points 
would thus become separated, the current would be suspended, 
and, therefore, the light would cease. To prcAent this, and to 
maintain the illumination, an apparatus consisting of clock- 
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Mr. Dubose has contrived the means by which a single electric 
light will serve to illuminate at the same time two lanterns, 
placed side by side for exhibition, Tliis is accomplished by 
placing the light between two retlectors, so inclined that each 
retlects it in the direction of the axis of one of the lanterns. 
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1. — Principle of the instnimcnt. — 2. It« inventor. — o. Method of mount- 
ing it. — 4. Application of the jirisiu to it. — 5 , Mounting a camera 
with prism. — 0. Portable camera. — 7. Fona of camera adapted to 
photograi)hy. 

1. This is an instrument of extensive utility in the arts of 
design; by it the process of drawing is reduced to tliat of mere 
tracing, and its use has of late been greatly extended hy its appli- 
cation in the art of ])hotography. 

Wc have already explained, in our Tract upon “Optical 
Images,” that if a convex lens, or any equivalent oi>tical combina- 
tion, be presented to a distant object, such as a landscape, an 
inverted image of that object, with its proper outline and colours, 
will be produced at the principal focus of the lens. Let us sup- 
pose, for example, that the window-shutters of a chamber being 
closed, so as to exclude the light, a hole be made in them, in 
which a convex lens is inserted : let a screen made of white paper 
be then placed at a distance from the lens, equal to its focal 

* Two Latin words, ''signifying “a dark chamber.” 
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length, and at right angles to its axis; a small jncture will he 
seen upon the screen, representing the view facing the window 
to which the axis of the lens is directed ; this picture will be 
delineated in its proper colours, and all moving objects, such as 
carriages or pedestrians, the smoke from the chimneys, and the 
clouds upon the sky, will be seen moving upon it with their proi)er 
motions. The picture, however, will be inverted, both verticaJly 
and laterally, the sky being below and the ground above ; trees 
and buildings will have their tops downwards, vehicles will move 
with their wheels, and pedestrians with their feet, upwards, 
objects on the right of the landscape will be on the left of the 
picture, and vice veradf and all motions will be reversed in direc- 
tion ; objects moving to tlie left aj)pcaring to move to the right, 
and those 'wliich fall, appearing to rise. 

2. This remarkable ojdical phenomenon was discovered in al>out 
the middle of the sixteenth century, b}* Baptista- Porta, a Nea- 
politan philosopher, and it was not long before it assumed a 
variety of forms, more or less useful ; the name Camera- Ohscura 
was given to it from tlic circumstances explained above. 

3. A great variety of forms have been given to this instrument, 
varying according to the circumstances under which it is applied. 
One of the most simple of these is shown in iig. 1 . 

The lens, l, is inserted in an o]»ening in the top of a rectangular 
box, the height of which is made to correspond nearly with its 

focal length ; the bottom of the box 
is placed at a convenient height, to 
serve the purpose of a desk or table; 
for the drauglitsman ; a sheet of 
drawing paper being. placed upon it, 
will receive the optical picture of such 
distant objt'cts as may be found in 
the direction of the axis of the lens. 
The lens is set in a tube, which 
slides in the opening made in the 
box, so that by moving it more or 
less upwards or downwards, the in- 
strument may be brought into focus, 
and a distinct picture produced upon 
the paper. An opening is made in 
the box, at that side of it towards 
which the bottom of the picture is 
turned ; the draughtsman introducing through this opening the 
upper part of his person, lets fall over him a curtain, suspended 
from the upper edge of tlic opening, so as to exclude all 
light from the box, save that which proceeds from the lens at the 
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OBLIQUE MIRROR OR PRISM. 

top. Tims placed, the draughtsman can trace the outlines of the 
picture. 

But ill the ease litre supposed, the axis ol* the lens being vtT- 
tieal, tile picture would be that of the lirmament. To obtain a 
picture of any part of the surrounding landscape, a plane mirror, 
A », is fix(d u]Km a hinge at n, and is regulated in its pitsition by 
a handle which descends into the box, so that the draughtsman 
can give it any desired inclination. The etlect of this mirror is 
indicated in the ligure by the rays, whieh, falling upon it, are 
rolli cted downwards to the lens. It will be evident, from wdiat 
has been alrcsady explained in onr Tract upon “ Optical Images,” 
that when this reth'ctor is properly adjusted, a picture of the 
landscape bclbn' it will be refleete<l towards the lens n u, and by 
it ])rojeeted upon the desk of the draughtsman. 

4. The oblitpie mirror v n, and the lens L, are sometimes 
replaced wdth advantage by a prism, such as that rejireseiited in 
tig. 2. The face, a e, of this prism, at ■which the rays coming from 
the landscape enter, being convex, thes(' rays arij altocted exactly 
as they Avould he if they entered the convex 
surface, of a lens ; 'when they fall upon tlu^ plane 
surface, a i, of the prism, they will be re- “ 

hected from it, according to what has been 

explained in “Optical Images” (24); thus 
reflected, they will fall upon the other side, 
c by of the prism ; this side is ground concave, 
but its concavity being less than the coii’s cxity 
of the side a c, the effect of the tw'o sides 
upon the rays will be the same as that of a meniscus lens, one 
side of 'which has the conx^exity a r, and the other the concavit}' 
h c. In such a lens tlie convexity prexailing over the concavity, 
the effect wdll be that of a convex lens. 

The curvatures of the two sides of the prism are so regulated 
that its focal length shall correspond xvith the height of the box. 

5. One of the methods rf mounting a camera constructed with 
such a prism, is shown in fig, 3. The prism is mounted in a case, 
upon a horizontal axis, and its inclination is regulated by milled 
lieads, like the heads of screws, on the outside ; the case on which 
it is mounted has an opening through xvhich the rays proceeding 
from the landscape are admitted ; and it can be turned round its 
vertical axis, so that the opening can be presented in any direc- 
tion to the surrounding landscape. The apparatus is supported by 
a triangle, and the draughtsman is surrounded by a curtain, 
forming a tent, from which the light is sufficiently excluded. The 
height of the tent, relatively to the table, is of course regulated 
according to the focal length of the prism. 
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(). Another variety of mounting for cameras is shown in tig. 4 
(p. 203). This, which is one of the most portable forms of the 



instrument, consists of a rectangular case, composed of two parts, 
one of which slides within the other like a drawer ; in one end is 
placed the lens n, in the other a plain mirror inclined at an angle 
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of 45^ to the top of the box. Over this mirror is a lid a, movable on 
hinges, under which in the opening is set a square plate of ground 
glass ; the lid a is provided with arrangements by which it t an 
be lixcd at any d(‘sircd inclination to the plate of ground glass, 
so as to shade the latter from the light : sides are sonietiuit s 
provided to exclude the lateral liglit ; which may also be accom- 
plished by throwing a dark-coloured cloth over the box. 

The rays which produce the picture, entering through the h iis 
B, fall upon the mirror M, b}^ which they are reflected upwards, 
to the plate of ground glass n, on which they produce the picture. 
The instrument is brought into focus by drawing out the end o of 
the box, until the picture app<*ars with sufficient distinctness on 
th(' glass X. 

A leaf of tracing paper, being laid u])on the glass, the picture 
is seen through it, so that it can be traced with facility and 
precision. 

7. Tln‘ form of camera usually employed for ]>hotography is 
K'prescnted in tig. <> ; it is more simple in its construction than 
those already described, neither the prism nor the obli(|ue mirror 
being used. The convex lens, or its opti(*al equivalent, is set in 
a tube at one end of a square box, in which uiioUkt s<[uare box 
slides like a drawer ; in the end of this last, a plate of ground 
glass is let in, by means of grooves, so that it can be inserted and 
removed at pleasure ; the iustrumeut is brought into focus, either 
b}" sliding the one box within the other, or by a raek and ])iuion 
in the groove. When the jucture is distinctly delineated upon 
the ground glass, the latter is draw’ii out, and a case c«)ritainirig 
the dagueiTcotypc-plate or photograpliie-paper is inserted in its 
])lace. The paper or plate being, in tin; lirst instance, sereeiied 
from the reception of tlie picture by a plate of metal or board lot 
into a groove in front of it. When all is prepared for the opera- 
tion, this screen is suddenly raised by the operator, and the 
j)icture allowed to fall upon tlie prepared pa])er or i)Iate, and 
being allowed to continue there a certain iium])er of seconds, int)r(‘ 
or less according to the brightness of the light, the screen is again 
suddenly let down, and the ease containing the paper or plate is 
withdrawn Irom the groove, and the paper or plate is submitted to 
certain chemical processes b}" which the picture is brouglit out 
and rendei’ed permanent. 

Tlie cameras 'whieli are adapted to photograpliy require to be 
constructed with greater attention to optical precision than those 
which are used for other purposes in the arts. The focal lengtli 
of the lenses being much shorter, optical expedients must be 
adopted for the removal of spherical aberration, which arc* not 
necessary in other ajiplications of the instrument. The nature of 



THE CAMEKA OBSCUllA. 


])holo^jij)}iy also n^nders it iioot'ssary that th(‘ lenses should be 
achromatic or nearly so. These conditions, as well ns the chemi<^al 
j)roeesHes by which the da^^uerreoty[M.--i)lute or ])hot(»pja|)hie-i)ai)er 

Fig. 




